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LVFRUURVLRQGXHWRWKHSUHVHQFHDQGDFWLYLWLHVRI
PLFURRUJDQLVPV%HFDXVHORZPLFURELDOFRQFHQWUDWLRQVZHUHREVHUYHGLQWKHJURXQGVSDUH258
VDPSOHVDQGRQO\RQHVSHFLHV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VKRZHGWKHUHLVDKLVWRU\RIELRIRXOLQJLQWKHVHV\VWHPV7KHPDWHULDOVDQGFRQGLWLRQVLQWKH,66
ZHW258VSURYLGHDQHQYLURQPHQWWKDWFRXOGOHDGWRELRIRXOLQJLIWKHFRQWDPLQDWLRQFRQWUROVDUH
EUHDFKHGDQGPLFURRUJDQLVPVDUHLQWURGXFHG7KHOLNHOLKRRGRIPLFURELDOFRQWDPLQDWLRQZDV
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LHELRIRXOLQJ258VVHUYLFHGZLWKILOWHUHG',ZDWHUEXWQRWGLVLQIHFWHGDUHDWDKLJKHUULVN
IRUELRIRXOLQJ
$QRWKHUFRQFHUQIRUZHW258VLVWKHSRWHQWLDOIRUFRUURVLRQ$OOVHUYLFHG258VGLVLQIHFWHGRU
QRWDUHVXVFHSWLEOHWRFRUURVLRQLHJHQHUDODQGFUHYLFH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x /LPLWHGUHYLHZRI258GUDZLQJVDQGVSHFLILFDWLRQV
x 'LVFXVVLRQVZLWKWKH258YHQGRU
x 5HYLHZRIH[LVWLQJVDPSOHUHVXOWV
x /LPLWHGVDPSOLQJRIVSDUH258V
$QLPSRUWDQWVWHSLQGHWHUPLQLQJWKHOLNHOLKRRGRIELRIRXOLQJRUFRUURVLRQZDVWRREWDLQVDPSOHV
IURPWKHJURXQGVSDUH258V2QERDUGWKH,66ZDWHUVDPSOHVDUHSHULRGLFDOO\WDNHQEXWWKHVH
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Figure 5.2-1.  Flow Diagram of Overall ECLS Regeneration System 
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Table 5.2-1.  Microbial Control Processes on ECLS Regeneration System ORUs 
2*$ /DXQFK&RQGLWLRQ 0LFURELDO7UHDWPHQW
:DWHU258 ZHW QRQH
,QOHW',%HG258 ZHW JDPPDLUUDGLDWHG
0ROHFXODU+\GURJHQ*DV+)
258
ZHW QRQH
1LWURJHQ3XUJH258 GU\ ODXQFKHGGU\
2[\JHQ2XWOHW258 GU\ ODXQFKHGGU\
+6HQVRU258 GU\ ODXQFKHGGU\
3XPS258 ZHW KHDWWUHDWHGGHJ)IRU
KUV
3URFHVV&RQWUROOHU258 ,QWHUQDO7KHUPDO&RQWURO
6\VWHP,7&6FRRODQW
2UWKRSKWKDOGHK\GH23$
LQFOXGHG
3RZHU6XSSO\0RGXOH ,7&6FRRODQW 23$LQFOXGHG
$&7(;)LOWHU ZHW QRQH
:3$
:DVWHZDWHU258 ZHW QRQH
3XPS6HS ZHW QRQH
6HSDUDWRU)LOWHU GU\ ODXQFKHGGU\
3DUWLFXODWH)LOWHU258 ZHW KHDWWUHDWHGGHJ)
KUV
6HQVRU258 ZHW KHDWWUHDWHGGHJ)
KUV
0XOWLILOWUDWLRQ0)%HG258 ZHW JDPPDLUUDGLDWHG
&DW5HDFWRU258 ZHW KHDWWUHDWHGGHJ)
KUV
2[\JHQ)LOWHU258 GU\ ODXQFKHGGU\
*DV6HSDUDWRU258 GU\ KHDWWUHDWHGGHJ)
KUV
5HDFWRU+HDOWK6HQVRU5+6
258
ZHW KHDWWUHDWHGGHJ)
KUV
,RQH[FKDQJH,;%HG258 ZHW JDPPDLUUDGLDWHG
:DWHU6WRUDJH258 ZHW KHDWWUHDWHGGHJ)
KUV
0&9258 ZHW JDPPDLUUDGLDWHG
:DWHU'HOLYHU258 ZHW KHDWWUHDWHG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GHJ)
KUV
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Figure 5.2-2.  OGA Schematic 
+\GURJHQ258
7KHK\GURJHQ258XVHVVROLGSRO\PHUHOHFWURO\VLV63(WRJHQHUDWHR[\JHQ7KH63(FHOO
VWDFNFRQWDLQV1DILRQSURWRQH[FKDQJHPHPEUDQH3(0FHOOVWKDWHOHFWURFKHPLFDOO\EUHDN
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VWDFN$ELRILOPRQWKHPHPEUDQHFRXOGGHJUDGHWKHSHUIRUPDQFHRIWKHK\GURJHQ2587R
PLWLJDWHWKHSRWHQWLDOIRUELRIRXOLQJ+6:/IOXVKHVWKHFHOOVWDFNVHYHU\PRQWKVZKLOHRQWKH
JURXQGZLWKD',ZDWHUIOXVKLIWKHFHOOVWDFNVDUHQRWLQWHJUDWHGLQWRWKHK\GURJHQ258RUE\
HOHFWURO\]LQJWKHZDWHULIIOXVKLQJDFRPSOHWHK\GURJHQ2587KLVIOXVKLQJSURWRFROZDVLQ
UHVSRQVHWRD%ULWLVK1DY\ELRIRXOLQJLQFLGHQWUHODWHGWRWKHWHDPE\+6:/7KHK\GURJHQ
258DOVRFRQWDLQVDURWDU\VHSDUDWRUDFFXPXODWRUWRUHPRYHK\GURJHQIURPWKHZDWHUVWUHDP
7KHVHSDUDWRUDFFXPXODWRUXVHVFHQWULIXJDOIRUFHWRUHPRYHK\GURJHQJDVIURPWKHZDWHUFRPLQJ
H[LWLQJWKHFHOOVWDFN
7KHK\GURJHQ25861H[SHULHQFHGRQRUELWFRUURVLRQLVVXHVIURPORZDFLGLW\S+
ZDWHULQWKHUHFLUFXODWLRQORRS7KHFHOOVWDFN1DILRQPHPEUDQHVGHWHULRUDWHRYHUWLPHIRUPLQJ
UHOHDVLQJIOXRULGHZKLFKIRUPVK\GURIOXRULFDFLG+)LQWKHDTXHRXVUHFLUFXODWLRQORRSIOXLG
1$6$(QJLQHHULQJDQG6DIHW\&HQWHU
7HFKQLFDO$VVHVVPHQW5HSRUW
'RFXPHQW
1(6&53

9HUVLRQ

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
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ZKLFKLQWXUQVORZHUVWKHS+RIWKHZDWHULQWKH2*$7KHDFLGLFZDWHUFRUURGHGRWKHUSDUWVRI
WKHV\VWHPDQGUHOHDVHGIUHHFDWLRQV7KHIUHHFDWLRQVSURGXFHGE\WKHFRUURVLRQPLJUDWHGWRWKH
FHOOVWDFNDQGHYHQWXDOO\FRQWDPLQDWHGWKHFHOOPHPEUDQHVWRWKHSRLQWZKHUHSHUIRUPDQFH
GHJUDGDWLRQH[FHHGHGWKHDOORZDEOH$UHYLHZRIWKHV\VWHPVKRZHGWKDWWKHFRQWDPLQDWLRQKDG
EXLOWXSIRUDSSUR[LPDWHO\\HDUEHIRUHWKHK\GURJHQ258KDGWREHGHDFWLYDWHGVXJJHVWLQJ
VRPHWROHUDQFHIRUFRQWDPLQDQWVLQWKHV\VWHP7KH$&7(;ILOWHUZDVDGGHGWRWKHV\VWHPWR
UHPRYHWKH+)DQGPLWLJDWHWKLVSUREOHP
3XPS258
7KHSXPS258FLUFXODWHVZDWHUWKURXJKWKH2*$DQGLVORFDWHGRQWKHK\GURJHQ258URWDU\
VHSDUDWRUDFFXPXODWRURXWOHW7KHSXPS258LVVWRUHGZHWDQGWKHUPDOO\GLVLQIHFWHGIRU
KRXUV
$&7(;)LOWHU
$E\SURGXFWIURPQRUPDORSHUDWLRQRIWKH1DILRQHOHFWURO\]HUFHOOVLV+)ZKLFKORZHUVWKHS+
RIWKH2*$FLUFXODWLRQORRSRYHUWLPH7RFRXQWHUWKLVWKH$&7(;ILOWHUZDVLQVWDOOHGLQWKH
FLUFXODWLRQORRS7KH$&7(;LVDQ,;DQGDFWLYDWHGFKDUFRDOFDUWULGJHWKDWUHPRYHVFDWLRQV
DQLRQVLQFOXGLQJIOXRULGHLRQV7KH$&7(;LVDFRQVXPDEOHDVLWLVPHDQWWREHUHSODFHGDIWHUD
SHULRGRIWLPH%HFDXVHRISRVVLEOHGDPDJHWRWKH,;UHVLQWKH$&7(;LVQRWGLVLQIHFWHGHYHQ
WKRXJKLWLVVWRUHGZHW
:DWHU258
7KHZDWHU258LVDSDFNDJHRIVHYHUDOVXEFRPSRQHQWVWZRIORZPHWHUVDWKUHHZD\YDOYHD
VROHQRLGYDOYHDGLVVROYHGJDVVHQVRUDQGD0&97KHWZR9HQWXULIORZPHWHUVDUHRQWKHLQOHW
WRWKHK\GURJHQ258FHOOVWDFN7KHWKUHHZD\YDOYHLVORFDWHGDWWKHLQOHWWRWKHURWDU\
VHSDUDWRUDFFXPXODWRULQWKHK\GURJHQ2587KLVYDOYHDFFHSWVZDWHUFRPLQJIURPWKH:3$
DQGUHMHFWVLWEDFNWRWKH:3$LIIUHHJDVLVGHWHFWHGE\WKHGLVVROYHGJDVVHQVRU2QWKHOHJ
OHDGLQJWRWKHZDVWHZDWHUEXVLVWKH0&97KHZDWHU258LVVWRUHGZHWEXWLWLVQRWWKHUPDOO\
GLVLQIHFWHGEHFDXVHRISRVVLEOHGDPDJHWRWKH0&9
,QOHW'HLRQL]LQJ%HG258
7KHLQOHWGHLRQL]LQJEHG258UHPRYHVLRGLQHIURPWKHLQFRPLQJZDWHUVWUHDPVRWKDWLWGRHVQRW
FRQWDPLQDWHWKHFHOOVWDFN7KLV258LVVWRUHGZHWDQGLVJDPPDLUUDGLDWHG
1LWURJHQ3XUJH2582[\JHQ2XWOHW258DQG+\GURJHQ6HQVRU258
7KHVHWKUHH258VDUHVWRUHGGU\DQGDUHGU\GXULQJRSHUDWLRQLHQRWLQWKHZDWHUVWUHDP
3URFHVV&RQWUROOHU258DQG3RZHU6XSSO\0RGXOH
7KHVH258VZKLFKSURYLGHFRQWURODQGSRZHUWRWKH2*$XVHLQWHUQDOWKHUPDOFRQWUROV\VWHP
,7&6FRRODQW',ZDWHUZLWK23$GLVLQIHFWDQWDGGHG7KLVNLOOVPLFURRUJDQLVPVDQGNHHSV
WKHFRRODQWDWDS+DERYHWROLPLWFRUURVLRQ
 :3$
7KH:3$DFFHSWVXULQHGLVWLOODWHIURPWKH83$DQGZDWHUFRQGHQVHGIURPDPELHQWDWPRVSKHUH
KXPLGLW\DQGSURFHVVHVLWLQWRSRWDEOHZDWHU7KHSRWDEOHZDWHULVURXWHGWRWKHFUHZRUWKH
1$6$(QJLQHHULQJDQG6DIHW\&HQWHU
7HFKQLFDO$VVHVVPHQW5HSRUW
'RFXPHQW
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2*$WRSURGXFHR[\JHQ$VLPSOLILHGVFKHPDWLFRIWKH:3$LVVKRZQLQ)LJXUH7KLV
VHFWLRQGHVFULEHVWKH:3$258V

Figure 5.2-3.  WPA Schematic 
:DVWHZDWHU258
&RQGHQVDWHIURPWKHZDVWHZDWHUEXVIORZVLQWRWKHZDVWHZDWHU2587KLVXQLWFRPSULVHVWKH
ZDVWHZDWHUWDQNDQGDVVRFLDWHGYDOYHVDQGWXELQJ7KHWDQNFRQWDLQVDEHOORZVDQGWKHZDWHULV
VWRUHGRQWKHRXWVLGHRIWKHEHOORZV7KHZDWHUEHFRPHVSUHVVXUL]HGDVWKHEHOORZVLV
FRPSUHVVHGE\WKHVSULQJIRUFHRIWKHEHOORZV7KHOLTXLGVLGHRIWKHZDVWHZDWHU258LVVWRUHG
ZLWKDSSUR[LPDWHO\SRXQGVRI',ZDWHU7KHEHOORZV¶FRQYROXWHYDQHVWKDWVOLGHRQWKHVLGHRI
WKHWDQNSUHVVXUHZDOOIRUPOLTXLGFDYLWLHVWKDWFDQQRWEHIOXVKHGRUVDPSOHGGLUHFWO\7KHVH
FDYLWLHVIRUPLGHDODUHDVIRUELRILOPJURZWKDQGSRVVLEOHFRUURVLRQ7KLVFRQFHUQLVPLQLPL]HG
DVWKHEHOORZVPDWHULDOLV,QFRQHOZKLFKLV$UDWHGIRUZDWHU1RGLVLQIHFWLRQWDNHVSODFH
RQWKHZDVWHZDWHU2587KHJDVVLGHLVVWRUHGZLWKXQWUHDWHGDLULHDLUDWWKHDPELHQW
FRQGLWLRQVSUHVHQWZKHQWKH258ZDVVHDOHGIRUIOLJKWDWWKHYHQGRUDQGUHPDLQVLVRODWHGXQWLO
LQVWDOOHG
3XPS6HSDUDWRU
7KHFRQGHQVDWHVWRUHGLQWKHZDVWHZDWHUWDQNIORZVWRWKHSXPSVHSDUDWRU258ZKLFKFRQVLVWV
RIDJDVOLTXLGVHSDUDWRUDQGDSXPS7KHJDVOLTXLGVHSDUDWRUUHPRYHVIUHHJDVIURPWKHOLTXLG
DQGYHQWVWKHJDVWRWKHFDELQ7KHSXPSPRYHVWKHOLTXLGWKURXJKWKHILOWUDWLRQORRS7KLV
258LVVWRUHGZHWDQGUHFHLYHVQRGLVLQIHFWLRQ
3DUWLFXODWH)LOWHU258
7KHSDUWLFXODWHILOWHU258LVORFDWHGRQWKHSXPSVHSDUDWRURXWOHW7KHSDUWLFXODWHILOWHULVWKH
ILUVWVWHSRIWKHSULPDU\WUHDWPHQWSURFHVV7KHILOWHUFRQVLVWVRIDVHULHVRIF\OLQGHUV
1$6$(QJLQHHULQJDQG6DIHW\&HQWHU
7HFKQLFDO$VVHVVPHQW5HSRUW
'RFXPHQW
1(6&53
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PDQLIROGHGWRJHWKHUWKDWSURYLGHDPLFURPHWHUȝPPHFKDQLFDOILOWHU7KLV258LVVWRUHG
ZHWDQGWKHUPDOO\GLVLQIHFWHGIRUKRXUV
6HQVRU258
7KHVHQVRU258FRQVLVWVRIDFRQGXFWLYLW\VHQVRUDQGDSUHVVXUHVHQVRU7KHXQLWLVVWRUHGZHW
DQGWKHUPDOO\GLVLQIHFWHGIRUKRXUV
0XOWLILOWUDWLRQ0)%HGV
7KH0)EHGVFRQWDLQSDFNHGPHGLDWKDWUHPRYHVVROLGFRQWDPLQDQWVIURPWKHZDWHU7KHEHGV
DUHVWRUHGZHWDQGJDPPDLUUDGLDWHG
&DWDO\WLFFDW5HDFWRU258
'RZQVWUHDPRIWKH0)EHGVLVWKHFDWUHDFWRU2587KLV258R[LGL]HVYRODWLOHRUJDQLFVLQWKH
OLTXLG7KHFDWUHDFWRU258FRQVLVWVRIWKHUHDFWRUDKHDWH[FKDQJHUDSUHKHDWHUJRLQJLQWRWKH
UHDFWRUDQGVXSSRUWLQJVHQVRUVDQGYDOYHV7KHFDWUHDFWRU258LVVWRUHGZHWDQGWKHUPDOO\
GLVLQIHFWHGIRUKRXUV
5HDFWRU+HDOWK6HQVRU5+6258
([LWLQJWKHFDWUHDFWRUWKHZDWHUIORZVWKURXJKWKH5+6258ZKLFKLVVWRUHGZHWDQGWKHUPDOO\
GLVLQIHFWHGIRUKRXUV
,RQ([FKDQJH,;%HG258
$IWHUWKH5+6WKHZDWHUIORZVWKURXJKWKH,;EHG258ZKLFKLVILOOHGZLWKPORIDQ
LRGLQDWHGUHVLQ7KH,;EHGLVVWRUHGZHWDQGJDPPDUDGLDWHG
:DWHU6WRUDJH258
)URPWKH,;EHG258WKHZDWHUIORZVWRWKHZDWHUVWRUDJH2587KLV258FRQWDLQVDWKUHH
ZD\YDOYHWKDWVHQGVWKHZDWHUWRWKHSURGXFWZDWHUWDQNSRWDEOHZDWHUV\VWHPDQGRQWRWKH
SRWDEOHZDWHUV\VWHPRUWKURXJKWKHUHMHFWOLQHDQGEDFNWRWKHSXPSVHSDUDWRU'XULQJWKH
SURFHVVF\FOHZKLFKWDNHVSODFHDERXWWKUHHWLPHVSHUZHHNWKHZDWHULVFLUFXODWHGWKURXJKWKH
V\VWHPWKURXJKWKHUHMHFWOLQHIRUDSSUR[LPDWHO\KRXU$IWHUKRXULIGDWDIURPWKH
FRQGXFWLYLW\VHQVRUVLQGLFDWHDFFHSWDEOHZDWHUTXDOLW\WKHQWKHWKUHHZD\YDOYHGLUHFWVWKHZDWHU
LQWRWKHSURGXFWZDWHUWDQN7KHZDWHUVWRUDJH258DOVRFRQWDLQVWKHSURGXFWZDWHUWDQN7KLV
WDQNDOVRFRQWDLQVDEHOORZVH[FHSWXQOLNHWKHZDVWHZDWHUWDQNWKHZDWHULVRQWKHLQVLGHRIWKH
EHOORZV7KHZDWHUVLGHRIWKHEHOORZVRSHUDWHVDWVXEDPELHQWDWIXOOH[WHQVLRQLHTXDQWLW\
RISHUFHQWWKHSUHVVXUHLVDSSUR[LPDWHO\SRXQGVSHUVTXDUHLQFKJDXJHSVLJDQGDVLW
HPSWLHVLWHQGVXSDWDSSUR[LPDWHO\௅SVLJ7KLVWDQNLVVWRUHGZHWDQGWKHUPDOO\GLVLQIHFWHG
IRUKRXUV
0&9258
:DWHUURXWHGWKURXJKWKHUHMHFWOLQHZLOOSDVVWKURXJKWKH0&92587KH0&9FRQWDLQV
PORILRGLQDWHGUHVLQWKDWUHOHDVHVLRGLQHLQWRWKHZDWHUWRPDLQWDLQDFRQFHQWUDWLRQRI
௅PJO7KH0&9SUHYHQWVPLFURRUJDQLVPVIURPHQWHULQJWKHSRWDEOHZDWHUV\VWHP,WLV
VWRUHGZHWDQGJDPPDGLVLQIHFWHG
1$6$(QJLQHHULQJDQG6DIHW\&HQWHU
7HFKQLFDO$VVHVVPHQW5HSRUW
'RFXPHQW
1(6&53

9HUVLRQ
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
,66258:HW6WRUDJH5LVN$VVHVVPHQW
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:DWHU'HOLYHU\258
:DWHUIURPWKHZDWHUVWRUDJH258LVWUDQVIHUUHGWRWKHZDWHUGHOLYHU\258ZKLFKZLOOWKHQ
WUDQVIHUWKHZDWHUWRWKHSRWDEOHZDWHUEXV7KHZDWHUGHOLYHU\258FRQVLVWVRIDJHDUSXPSWKDW
PRYHVWKHZDWHURXWRIWKHZDWHUVWRUDJHWDQNDQGLQWRDQDFFXPXODWRUZKLFKDOVRLVSDUWRIWKH
ZDWHUGHOLYHU\2587KHDFFXPXODWRULVDEHOORZVWDQNZKHUHWKHJDVVLGHLVLVRODWHGDQG
FKDUJHGZLWKDSHUFHQWKHOLXPSHUFHQWQLWURJHQPL[WXUH:KHQWKHJHDUSXPSILOOVWKH
OLTXLGVLGHWKHUHGXFWLRQLQYROXPHRQWKHJDVVLGHLQFUHDVHVWKHSUHVVXUH7KLVSUHVVXUH
SURYLGHVWKHPRWLYHIRUFHWRPRYHWKHZDWHUWRWKHSRWDEOHZDWHUEXV7KLV258LVVWRUHGZHW
ZLWKWKHDFFXPXODWRUIXOO\UHWUDFWHGLHTXDQWLW\RISHUFHQWDQGSVLJ,WLVWKHUPDOO\
GLVLQIHFWHGIRUKRXUV
*DV6HSDUDWRU258
7KHJDVVHSDUDWRU258UHPRYHVIUHHJDVFKLHIO\R[\JHQDQGVRPH&2H[LWLQJWKHFDWUHDFWRU
,WKDVDVHULHVRI7HIORQOXPHQEXQGOHVZLWKaOXPHQVSHUEXQGOH,WLVVWRUHGGU\DQG
WKHUPDOO\GLVLQIHFWHGIRUKRXUV
6HSDUDWRU)LOWHUDQG2[\JHQ)LOWHU258V
7KHVH258VDUHVWRUHGGU\DQGRSHUDWHRQWKHJDVVLGHRIWKHV\VWHP
 'DWD&ROOHFWLRQDQG$QDO\VLV
 +LVWRU\DQG5HODWHG([SHULHQFH
7KH1(6&WHDPH[DPLQHGWKHKLVWRU\RI(&/6ZDWHUV\VWHPVRQWKH$SROOR6SDFH6KXWWOHDQG
,663URJUDPVWRLGHQWLI\ELRIRXOLQJRUFRUURVLRQ6SDUHVIRUWKH$SROORDQG6SDFH6KXWWOH
3URJUDPVZHUHVWRUHGGU\VRWKHUHDUHQRGDWDIURPWKRVHSURJUDPVRQORQJWHUPZHWVWRUDJH
8QOHVVQRWHGRWKHUZLVHKLVWRULFDOGDWDIURPWKH$SROOR6SDFH6KXWWOHDQG,663URJUDPVZDV
SURYLGHGE\WKH1$6$7HFKQLFDO)HOORZIRU/LIH6XSSRUW$FWLYH7KHUPDO/RQJWHUPVWRUDJH
H[SHULHQFHIURPHQYLURQPHQWDOFRQWUROV\VWHPVDERDUG86QDYDOYHVVHOVZDVDOVRUHYLHZHG
EHFDXVHRIWKHVLPLODULW\WRVRPHRIWKH,66258V
 $SROOR
&RPPDQG0RGXOH&0
1RUHSRUWVRIELRIRXOLQJLQWKH$SROOR&0ZDWHUV\VWHPVZHUHGRFXPHQWHGGXULQJIOLJKW
3UHODXQFKDQGGXULQJIOLJKWFKORULQHZDVLQMHFWHGGDLO\LQWRWKHZDWHUXVLQJVRGLXPK\SRFKORULWH
1D2&ODWPJODVDELRFLGH,IELRFLGHZDVQRWDGGHGGDLO\WKHQEDFWHULDOJURZWKZRXOG
RFFXUKRXUVDIWHUWKHFKORULQHDGGLWLRQ0LFURELDOFRQWDPLQDWLRQSUREOHPVZHUHPRVWO\
OLPLWHGWRVDPSOHVWDNHQMXVWSULRUWRWKHODVWFKORULQHLQMHFWLRQEHIRUHIOLJKW
&0FRUURVLRQZDVLVRODWHGWRWKHKHDWHULQOHWWKHLQOHWWRWKHGULQNLQJZDWHUJXQDQGDVHFWLRQRI
OLQHEHWZHHQWKHFKORULQHLQMHFWLRQSRLQWDQGWKHSRWDEOHZDWHUWDQN6XEVHTXHQWLQYHVWLJDWLRQ
UHYHDOHGSLWWLQJW\SHFRUURVLRQWKURXJKRXWWKHV\VWHPRFFXUULQJDWVXUIDFHLPSHUIHFWLRQVLQWKH
DOXPLQXP7KHFRUURVLRQZDVDWWULEXWHGWRIRXUIDFWRUV
 7KHXVHRIXOWUDKLJKSXULW\ZDWHU
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 7KHFKORULGHLRQVIURPWKHELRFLGHSHQHWUDWLQJWKHSDVVLYHR[LGHOD\HURQWKHDOXPLQXP
 'LVVLPLODUPHWDOVHVSHFLDOO\UHODWHGWRWKHQLFNHOFRSSHUEUD]LQJVLWHV
 ,QWHUQDOVXUIDFHLPSHUIHFWLRQV
$VLGHHIIHFWRIWKHFRUURVLRQZDVWKDWFRUURVLRQVLWHVDFWHGDVFKORULQHVLQNVWKDWUHGXFHGWKH
PLFURELDONLOOLQJHIIHFWLYHQHVVRIWKHELRFLGH7KHVROXWLRQWRWKLVLVVXHZDVWKHLQMHFWLRQRI
VRGLXPQLWUDWHDVDFRUURVLRQLQKLELWRU
/XQDU0RGXOH/0
&KORULQHZDVLQFRPSDWLEOHZLWKWKH/0VXEOLPDWRUVRLRGLQHDWPJOZDVXVHGDVWKHELRFLGH
IRUWKH/0ZDWHUV\VWHP6RPHFRUURVLRQEXWQRWWRWKHGHJUHHZLWQHVVHGLQWKH&0ZDV
REVHUYHGLQWKH/07UDFHVRIQLFNHODQGFDGPLXPZHUHIRXQGLQ/0ZDWHUVDPSOHV7KLVZDV
WKRXJKWWREHGXHWRWKHLQWHUDFWLRQRILRGLQHZLWKWKHDOXPLQXPDOOR\$VORZLRGLQHGHSOHWLRQ
ZDVDOVRREVHUYHGLQWKH/0ZDWHUV\VWHPDQGZDVWKRXJKWWREHWKHUHVXOWRILRGLQHGLIIXVLQJ
WKURXJKWKHVHPLSHUPHDEOHVLODVWLFEODGGHUVXVHGWRSUHVVXUL]HWKHZDWHUWDQNV0LFURELDO
VDPSOHVWDNHQDIWHUWKHLQWURGXFWLRQRILRGLQHZHUHDOZD\VQHJDWLYHIRUPLFURRUJDQLVPV$OO
VDPSOHVIURPWKH/0ZHUHWDNHQSULRUWRIOLJKWWKH/0GLGQRWUHWXUQDIWHUIOLJKW
 6SDFH6KXWWOH
6XSSO\:DWHU6\VWHP6:6
7KH6:6RQWKH6SDFH6KXWWOH2UELWHUSURYLGHGZDWHUIRUFUHZFRQVXPSWLRQDQGIRUWKHIODVK
HYDSRUDWRU)(6ZKLFKZDVXVHGIRUFRROLQJWKH)UHRQFRROLQJORRSV,RGLQHDW௅PJOZDV
DGGHGWRWKH6:6ZDWHUDWVHUYLFLQJIROORZLQJDKLJKELRFLGH௅PJOGZHOODQGGUDLQWR
GLVLQIHFWWKHV\VWHP7\SLFDOO\DIWHUVHUYLFLQJIRUIOLJKWQRPLFURRUJDQLVPVZHUHVHHQLQWKH
ZDWHUXQWLOWKHLRGLQHFRQFHQWUDWLRQGHFUHDVHGWRPJORUOHVV1RELRIRXOLQJZDVHYHUQRWHGLQ
WKH6:6
:DWHUVDPSOHVZHUHWDNHQIURPDVDPSOLQJSRUWGD\VSULRUWRODXQFKLH/௅GD\GD\SULRU
WRODXQFKLH/௅GD\DQGDSSUR[LPDWHO\KRXUVLH7௅KRXUSULRUWRODXQFK
2FFDVLRQDOO\WKH/௅DQGWKH/௅GD\VDPSOHVUHVXOWVZRXOGIDLOGXHWRWKHSUHVHQFHRI
PLFURRUJDQLVPVUHTXLULQJDIOXVKRIWKHWDQNVZLWKHOHYDWHGLRGLQHOHYHOV௅PJOSULRUWR
WKH7௅KRXUVDPSOH7\SLFDOO\7௅KRXUVDPSOHVDQGSRVWIOLJKWVDPSOHVGLGQRWFRQWDLQ
PLFURRUJDQLVPV,IWKH7௅KRXUVDPSOHKDGPLFURRUJDQLVPVWKHQDIOXVKIURP7DQN$WKURXJK
WKHJDOOH\WKHSDWKRIZKLFKLQFOXGHGDQ0&9WRNLOOPLFURRUJDQLVPVZDVSHUIRUPHGLQIOLJKW
SULRUWRWKHFUHZ¶VILUVWFRQVXPSWLRQ
7KHUHZHUHKLJKQLFNHOOHYHOVLQWKH6:6FKLOOHUKHDWH[FKDQJHUDIWHUORQJVWDJQDQWSHULRGVRQ
WKHRUGHURIPRQWKVEHWZHHQIOLJKWV7KHQLFNHOOHDFKHGIURPWKHQLFNHOEUD]LQJDUHDVLQWKH
KHDWH[FKDQJHU:DWHUVDPSOHVVKRZHGWKLVFRXOGEHFRQWUROOHGE\DZDWHUIOXVKSULRUWRODXQFK
DQGZDVQRWDQLVVXHLQIOLJKWZLWKWKHGDLO\IORZRIZDWHUWKURXJKWKHKHDWH[FKDQJHU$QDO\VLV
RIDGLVVHFWHGKHDWH[FKDQJHUVKRZHGVRPHEUD]HPDWHULDOUHPRYHGEXWQRWHQRXJKWREH
FRQVLGHUHGDQRSHUDWLRQDOULVN
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6:6WXELQJJROGDOOR\EUD]HGFRQQHFWLRQVZHUHGLVVHFWHGIURPWKHRUELWHU&ROXPELDDQG
DQDO\VHVVKRZHGWKDWEDVHGXSRQWKHVPDOODPRXQWRIPDWHULDOHURVLRQEHWZHHQDQG
\HDUVRIZHWWHGOLIHPRVWO\VWDJQDQWWKHVHFRQQHFWLRQVZRXOGIXQFWLRQWKURXJKDWD
PLQLPXP
*DOOH\
7KHJDOOH\ZDVQRWFRQVLGHUHGSDUWRIWKH6:6EXWZDVDVHSDUDWHXQLWWKDWZDVUHPRYHGDIWHU
HDFKPLVVLRQIRUSURFHVVLQJ8QOLNHWKH6:6WKHJDOOH\GLGQRWXQGHUJRDKLJKELRFLGH
WUHDWPHQWSULRUWRVHUYLFLQJ,WZDVVLPSO\VHUYLFHGZLWK௅PJOLRGLQDWHGZDWHU,QDGGLWLRQ
WKHJDOOH\ZDVVHUYLFHGVRPHWLPHVRYHUPRQWKVSULRUWRLQVWDOOLQJLQWKH2UELWHU$IWHU
LQVWDOODWLRQZDWHUIURPWKH6:6ZDVIOXVKHGWKURXJKDQGVDPSOHGIURPWKHGULQNLQJSRUWRIWHQ
VKRZLQJDKLJKFRQFHQWUDWLRQRIEDFWHULD7KLVLQGLFDWHGWKDWWKHJDOOH\ZDVFRQWDPLQDWHGZLWK
EDFWHULDDQGWKHSURFHGXUHVXVHGLQVHUYLFLQJWKHJDOOH\ZHUHLQWURGXFLQJPLFURELDO
FRQWDPLQDWLRQ,QDGGLWLRQODWHLQWKH6SDFH6KXWWOH3URJUDPWKHJDOOH\H[SHULHQFHGVRPH
FRUURVLRQGXHWRZHOGLQJRIGLVVLPLODUDOOR\VDQGWKHXVHRIVWDLQOHVVVWHHO'HVLJQFKDQJHV
WRXVH/VWDLQOHVVVWHHOZKLFKLVPRUHUHVLVWDQWWRFRUURVLRQLQZHOGHGVWUXFWXUHVUHVROYHGWKH
FRUURVLRQSUREOHPV
7KHJDOOH\KRWZDWHUWDQNKDGDORQJWHUPFRUURVLRQSUREOHPLQWKHZHOGHGVHDPVKHDWDIIHFWHG
]RQH7KHUHVROXWLRQZDVFOHDQLQJWKHWDQNVDIWHU\HDUVRIXVDJHDQGDUHSDVVLYDWLRQRIWKH
PHWDOVXUIDFHV
:DWHU&RRODQW/RRSV:&/
7KH2UELWHUKDGWZR:&/VZKLFKZHUHVDPSOHGSHULRGLFDOO\7KHVHVDPSOHVQHYHUUHYHDOHG
DQ\EDFWHULD7KHUHZHUHQRUHSRUWHGSUREOHPVZLWKFRUURVLRQRUELRIRXOLQJLQWKH:&/V
EHFDXVHRIWKHODFNRIR[\JHQLQWKHV\VWHPWKHVWDLQOHVVVWHHOFRQVWUXFWLRQDQGWKHFRPSRQHQW
FOHDQLQJUHJLPHQSULRUWRLQVWDOODWLRQ+RZHYHUWKH³VXSHU4´GHLRQL]LQJ*6(XVHGIRU
VHUYLFLQJWKHORRSVGHYHORSHGVHYHUHELRIRXOLQJWRWKHSRLQWRISUHYHQWLQJIORZDIWHULWZDV
VWRUHGZHWIRUDSSUR[LPDWHO\\HDUDIWHUVHUYLFLQJIRU6767KHVROXWLRQZDVWRUHSODFHWKH
VXSHU4FDUWULGJHVLIWKH\ZHUHXQXVHGIRUPRUHWKDQPRQWK
:DVWH:DWHU6\VWHP::6
7KHUHZHUHVRPHPLFURELDOJURZWKSUREOHPVDVVRFLDWHGZLWKWKH2UELWHU::67KHPDMRULW\RI
REVWUXFWLRQSUREOHPVZHUHGXHWRWKHDFFXPXODWLRQRIXULQHVROLGSUHFLSLWDWHVLQFOXGLQJFDOFLXP
SKRVSKDWHDQGXUHD7KHILOWHUORFDWHGEHWZHHQWKHZDVWHWDQNDQGWKHQR]]OHXVHGIRURYHUERDUG
GXPSVZRXOGEHFRPHEORFNHG௅IOLJKWVDIWHUFOHDQLQJRIWKHXULQHVROLGV$ORZDFLGLFIOXVK
ZDVXVHGWRUHPRYHWKHXUHDDQGDQLWULFDFLGIOXVKZDVSHUIRUPHGGXULQJPDMRU2UELWHU
PDLQWHQDQFHSHULRGVWRUHPRYHWKHFDOFLXPSKRVSKDWHGHSRVLWVLQWKHWDQN,QWKHODWHV
VRPHRIWKH::6VWDLQOHVVVWHHOWXELQJDQGIOH[KRVHVZHUHUHPRYHGDQGDQLQVSHFWLRQIRXQGQR
LQGLFDWLRQVRIDQ\FRUURVLRQ
([WUDYHKLFXODU0RELOLW\8QLW(08
&RRODQWZDWHUZDVVXSSOLHGWRWKH(08IURPWKH2UELWHU6:6(DUO\LQWKH6SDFH6KXWWOH
3URJUDPWKHZDWHUZDVORDGHGLQWRWKH(08ZLWKQRDGGHGELRFLGH$VDUHVXOWELRIRXOLQJ
RFFXUUHGLQWKH(08SXPSVVXEOLPDWRUDQGILOWHUV7KHVHUYLFLQJSURFHGXUHZDVFKDQJHGWR
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³SROLVK´WKHZDWHUDIWHUVHUYLFLQJDQGDQ0&9ZDVDGGHGWRLQWURGXFHLRGLQHLQWRWKHVXSSO\
ZDWHU$QRWKHUSUREOHPRFFXUUHGZKHQ1HRSUHQHXVHGDVDEODGGHUPDWHULDOOHDFKHGLQWRWKH
ZDWHURYHUWLPHDQGSOXJJHGWKHVXEOLPDWRU7KLVOHDFKLQJZDVFRQWUROOHGE\GUDLQLQJDQG
UHILOOLQJWKHZDWHUWDQNMXVWSULRUWRHDFKH[WUDYHKLFXODUDFWLYLW\(9$7KH1HRSUHQHEODGGHU
ZDVHYHQWXDOO\UHSODFHGZLWK)OXRUHO+RZHYHUWKH)OXRUHODEVRUEHGLRGLQHVRELRFLGH
FRXOGQRWEHOHIWLQWKHV\VWHP7KHPDLQVRXUFHRIEDFWHULDRQELRIRXOHGFRPSRQHQWVZDVIURP
FRQGHQVDWHUHPRYHGIURPWKHVSDFHVXLWDLUFLUFXODWLRQDQGSXPSHGLQWRWKHZDWHUWDQN$QRWKHU
VRXUFHRIEDFWHULDZDVWKURXJKWKHOLTXLGFRROLQJJDUPHQW/&*7KH/&*FRQWDLQHGQ\ORQ
WXEHVWKDWZHUHLQFRQWDFWZLWKWKHDVWURQDXWV¶VNLQWRUHJXODWHWKHLUERG\WHPSHUDWXUHEXWWKLV
DOVRIDFLOLWDWHGWKHWUDQVIHUDORIPLFURRUJDQLVPVLQWRWKH/&*ZDWHU7KHUHZHUHRQO\PLQRU
FRUURVLRQSUREOHPVLQWKH(08VVLQFHWKH\ZHUHGLVDVVHPEOHGDQGFOHDQHGDIWHUHDFKPLVVLRQ
ZLWKDQ(9$
 0LU6SDFH6KXWWOH
:KHQWKH6SDFH6KXWWOHZDVIO\LQJPLVVLRQVWRWKH5XVVLDQ0LUVSDFHVWDWLRQZDWHUZRXOGEH
WUDQVIHUUHGIURPWKH2UELWHUWR0LU7KH5XVVLDQVXVHGVLOYHULRQVDVWKHLUELRFLGHEXWZKHQ
FRPELQHGZLWKWKHLRGLQHIURPWKH6KXWWOH2UELWHUZDWHUWKHELRFLGLDOHIIHFWZDVQHJDWHG7KH
FRUUHFWLYHDFWLRQZDVWKHDGGLWLRQRIDQLRGLQHUHPRYLQJFDUWULGJHLQWKHVHUYLFLQJOLQHWRWKH
WUDQVIHUEDJVIRU0LU+RZHYHURQWKHILUVWIOLJKWRIWKHFDUWULGJHLWZDVSDFNHGLQFRUUHFWO\DQG
GLGQRWUHPRYHWKHLRGLQHDVSODQQHG7KLVUHVXOWHGLQIDLOHGEDFWHULDOVDPSOHVRIWKHZDWHU
VXSSO\EDJV
7KHFRQGHQVDWHUHPRYDOV\VWHPRQ0LUKDGQXPHURXVELRIRXOLQJEORFNDJHSUREOHPVLQWKHGUDLQ
OLQHIURPWKHFRQGHQVLQJKHDWH[FKDQJHU7KLVUHTXLUHGOLQHFOHDQLQJRUUHSODFHPHQW
 861DY\
0U5LFKDUG+DJDUIURPWKH861DYDO6HD6\VWHPV&RPPDQG1$96($SURYLGHG
LQIRUPDWLRQRQWKH861DY\¶VH[SHULHQFHZLWKORQJWHUPVWRUDJHDQGXVHRIWKHLU(&/6V\VWHPV
VSHFLILFDOO\WKHR[\JHQJHQHUDWLQJSODQW2*3XVHGDERDUGVXEPDULQHV/LNHWKH,66K\GURJHQ
258WKH2*3HOHFWURO\VLVXQLWFRQWDLQVD1DILRQ3(07KH3(0FRQGXFWVSURWRQVZKLOH
SURYLGLQJDUHDFWDQWEDUULHULQDQHOHFWURO\VLVUHDFWLRQSURGXFLQJR[\JHQDQG+0LFURELDORU
FDWLRQDFFUHWLRQRQWKHPHPEUDQHFRXOGUHGXFHWKHDFWLYHDUHDRIWKHPHPEUDQHDQGORZHUWKH
HOHFWURO\]HU¶VSHUIRUPDQFH+RZHYHUWKH1DY\KDVQHYHUZLWQHVVHG2*3SHUIRUPDQFH
GHJUDGDWLRQWKDWFRXOGEHDWWULEXWHGWRELRIRXOLQJ7KHVSDUHFHOOVWDFNVDUHVWRUHGZHWDWWKH
YHQGRU+6:/DQGOLNHWKH,66JURXQGVSDUHVDUHIOXVKHGSHULRGLFDOO\
6DPSOHVWDNHQIURPDFWLYH2*3VKDYHWHVWHGSRVLWLYHIRUEDFWHULD:DWHUDQGVZDEVDPSOHV
DFTXLUHGIURPD6HDZROIFODVVVXEPDULQH³H[KLELWHGPRGHUDWHOHYHOVRIFRPPRQZDWHUERUQH
EDFWHULDWKDWDUHNQRZQWRIRUPELRILOPVWKDWFRXOGOHDGXQGHUWKHULJKWFRQGLWLRQVWR
ELRIRXOLQJ´>UHI@7KHVHVDPSOHVZHUHWDNHQIURPERWKWKHSULPDU\DQGVHFRQGDU\HOHFWURO\VLV
PRGXOHVDQGWKHZDWHULQIOXHQWWRWKH2*37KHSULPDU\HOHFWURO\VLVPRGXOHZDVDFWLYHGXULQJ
WKHSUHYLRXVPLVVLRQDQGKDGDFFXPXODWHGWRWDOKRXUVRIRSHUDWLRQ7KLVPRGXOHZDV
VWDJQDQWIRUGD\VDIWHULWVODVWVKXWGRZQSULRUWRVDPSOLQJ7KHVHFRQGDU\HOHFWURO\VLVPRGXOH
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ZDVDQRQERDUGVSDUHDQGZDVLQDFWLYHVWDJQDQWIRUDWOHDVWPRQWKVSULRUWRVDPSOLQJ
4XDQWLWDWLYHFRPSDULVRQEHWZHHQEDFWHULDOSRSXODWLRQVRIWKHWZRPRGXOHVLVVLJQLILFDQWEHFDXVH
WKHVWDJQDQWVHFRQGDU\PRGXOHZDWHUFRQWDLQHGEDFWHULXPFRXQWVî&)8POPD[î
JUHDWHUWKDQWKHKLJKHVWIURPWKHSULPDU\PRGXOHî&)8POPD[7KHKLJKEDFWHULDO
FRQFHQWUDWLRQVLQVDPSOHVIURPWKHVHFRQGDU\HOHFWURO\VLVPRGXOHGHPRQVWUDWHWKHLPSDFWWKDW
VWDJQDQWFRQGLWLRQVFDQSRWHQWLDOO\KDYHRQPLFURELDOFRQWDPLQDWLRQDQGJURZWK
%DFWHULDJHQXVVSHFLHVLGHQWLILHGZHUHQRWXQH[SHFWHGDVWKH\ZHUHDOVRGHWHFWHGLQWKHLQIOXHQW
ZDWHUDWORZHUOHYHOV7KHUHDUHSDUDOOHOVEHWZHHQWKHEDFWHULXPW\SHVLVRODWHGIURPWKH,66
DQGWKHVXEPDULQH¶VZDWHUV\VWHPV7KHEDFWHULXP5DOVWRQLDSLFNHWWLLZDVLVRODWHGIURPWKH
VXEPDULQHDQGEDFWHULDIURPVLPLODUJHQHUDKDYHEHHQGHWHFWHGLQ,66VDPSOHVHJ5DOVWRQLD
DQG&XSULDYLGXV7KHVHEDFWHULDDUHELRILOPIRUPHUVHYHQLQORZQXWULHQWFRQGLWLRQV$QRWKHU
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DFWLYHHOHFWURO\]HU7KHLPSDFWRIWKHPLFUREHVRQWKHSHUIRUPDQFHRIWKHLQDFWLYHXQLWLV
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2WKHUWKDQ(&/65HJHQHUDWLRQ6\VWHP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SUREOHPVWKDWZHUHDGGUHVVHGE\DSUHYLRXV1(6&DVVHVVPHQWVHHUHIHUHQFHDQG$SSHQGL[
%,Q0D\,66(08ORVWFRROLQJZDWHUIORZGXULQJDWZRFUHZGRQGRIIHYDOXDWLRQ
7KLV(08KDGEHHQXVHGVXFFHVVIXOO\RQSUHYLRXV(9$V,Q(08IDLOHGZLWKDORVVRI
FRRODQWIORZGXULQJDQRWKHUGRQGRIIHYDOXDWLRQ7KLVXQLWKDGQHYHUEHHQXVHGIRU(9$EXWKDG
XQGHUJRQHDIXQFWLRQDOFKHFNRXW(OHFWULFDOFXUUHQWDQDO\VHVVKRZHGWKHFRRODQWSXPSURWRUV
ZHUHQRWWXUQLQJIRUHLWKHU(087KHJDVWUDSIURP(08VKRZHGELRILOPDQGQLFNHOVDOW
GHSRVLWVRQWKHGRZQVWUHDPVLGHRIWKHVHSDUDWLRQILOWHU7KHLQRUJDQLFSUHFLSLWDWHVZHUH
SULPDULO\QLFNHOZLWKVRPHDOXPLQXPDQGVLOLFRQH7KHSXPSKDGVHL]HGZLWKYLVLEOHLURQR[LGH
QLFNHOVDOWDQGELRILOPGHSRVLWV7KH(08FRRODQWSXPSKDGQLFNHOVDOWDQGELRILOPRQWKH
URWDWLQJVXUIDFHVZLWKDWUDFHRILURQR[LGH6HYHUDORIWKHSXPSURWRUVZHUHDOVRREVHUYHGWR
KDYHLQFUHDVHGLQOHQJWKE\DSSUR[LPDWHO\LQFKHV7KLVUHGXFHGWKHFOHDUDQFHIRUWKHURWRU
D[LDOHQGVPDNLQJWKHPPRUHVHQVLWLYHWRSDUWLFXODWHDQGELRILOPEXLOGXS7KHOHQJWKHQLQJZDV
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KHDWH[FKDQJHUDQGWKHUHZDVFUHYLFHFRUURVLRQLQWKHKHDWDIIHFWHG]RQHRIDZHOGUHSDLU7KH
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:$)$/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6DPSOHNLWVZHUHSURYLGHGE\WKH:$)$/7KHVHNLWVFRQWDLQHGHYHU\WKLQJQHFHVVDU\WRFROOHFW
WKHVDPSOHVLQFOXGLQJPXOWLSOH7HIORQVDPSOHERWWOHVILOOHGZLWKKLJKSXULW\',ZDWHUIURPWKH
ODEDFRPPRQODERUDWRU\SUDFWLFHWRDYRLGLQZDUGSHUPHDWLRQRIFRQWDPLQDQWVWKURXJKWKH
7HIORQFRQWDLQHU±WKLVZDWHUZDVHPSWLHGEHIRUHWKHDFWXDOVDPSOHZDVWDNHQ(DFKERWWOHZDV
ODEHOHGZLWKWKHVDPSOHLGHQWLILHU)UHH]HUSDFNVZHUHSURYLGHGIRUWKHUHWXUQMRXUQH\$FKDLQ
RIFXVWRG\IRUPZDVLQFOXGHGIRU+6:/SHUVRQQHOWRFRPSOHWHXSRQVDPSOHFROOHFWLRQ2QHRI
WKHVDPSOHERWWOHVODEHOHGDV³WULSEODQN´ZDVLQFOXGHG7KLVERWWOHZDVWREHVKLSSHGDQG
UHWXUQHGZLWKRXWRSHQLQJ7KLVLVDVWDQGDUGSUDFWLFHWRHQVXUHWKDWQRWKLQJRFFXUUHGGXULQJ
VKLSPHQWLQHLWKHUGLUHFWLRQ7ZRNLWVZHUHSUHSDUHGRQHIRUHDFKVDPSOLQJVHVVLRQDQG
VKLSSHGRYHUQLJKWWR+6:/SULRUWRHDFKVDPSOHVHVVLRQ
&RPSRQHQWSXPS258ZDVVDPSOHGRQ$SULO$VLPSOLILHGVFKHPDWLFIRU
&RPSRQHQWLVVKRZQLQ)LJXUH
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Figure 6.2-1.  Component 3 Schematic 
7KHPDMRUHOHPHQWVRI&RPSRQHQWDUHDSXPSDFKHFNYDOYHDQGDGHOWDSUHVVXUHVHQVRU
7KHUHDUHTXLFNGLVFRQQHFWV4'VRQWKHLQOHWDQGRXWOHWRIWKH2587KH258ZDV
SUHVVXUL]HGZLWKJDVHRXVQLWURJHQDWWKHLQOHWSRUWWR/HJ$DQGWKHVDPSOHZDVFROOHFWHGDWWKH
RXWOHWSRUW/HJ$ZKHUHHDFKOHJUHSUHVHQWVWKHWXELQJRQHLWKHUVLGHRIWKHSXPSFKHFN
YDOYHDQGGHOWDSUHVVXUHVHQVRU7KHSURFHVVZDVWKHQUHSHDWHGLQUHYHUVHXVLQJWKHVDPH
VDPSOHFRQWDLQHUWRFDSWXUHDQ\UHVLGXDOZDWHU7RWDOYROXPHFROOHFWHGIURP&RPSRQHQWZDV
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7KUHHVDPSOHVZHUHFROOHFWHG7KHILUVWODEHOHG³/HJV$DQG$´UHSUHVHQWHGWKHZDWHUWKDW
VWRUHGLQWKH258IRUQHDUO\\HDUV7KHVHFRQGODEHOHG³4'6DPSOLQJ6HWXS´ZDVDFKHFN
VDPSOHWRHQVXUHWKDWWKH4'VZHUHQRWFRQWDPLQDWHGFKHPLFDOO\RUPLFURELDOO\7KHILQDO
VDPSOHODEHOHG³:DWHU&DUW:&´ZDVDVDPSOHRIWKHKLJKSXULW\ZDWHUV\VWHPXVHGE\
+6:/VHHVFKHPDWLFLQ)LJXUH

Figure 6.2-2.  HSWL Water Cart Schematic 
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Figure 6.2-3.  Component 1 Schematic with Leg Volumes 
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³&RPSRQHQW/HJ%'´³&RPSRQHQW/HJ%&´DQG³&RPSRQHQW/HJ(´ZKLFKFRQWDLQHG
DQGPORIZDWHUUHVSHFWLYHO\7KHIRXUWKVDPSOHZDVIURPWKHKLJKSXULW\+6:/
V\VWHPODEHOHG³:DWHU&DUW´DQGFRQWDLQHGPORIZDWHU7KHPOVDPSOHIURP
&RPSRQHQW/HJ%&KDGD\HOORZFRORUDQGZDVUHFHLYHGLQWKHPOERWWOHZLWKKHDGVSDFH
7KHKHDGVSDFHLVQRWDUHFRPPHQGHGSUDFWLFHLITXDQWLWDWLYHDQDO\VLVLVUHTXLUHGIRUYRODWLOH
FRPSRXQGV
$IWHUWKHVDPSOHVZHUHFROOHFWHGWKH\ZHUHUHWXUQHGWRWKHVKLSSLQJFRQWDLQHUZLWKWKHFKDLQRI
FXVWRG\IRUPSDFNHGZLWKWKHIUR]HQLFHSDFNVVHDOHGDQGUHWXUQHGRYHUQLJKWWRWKH-6&
:$)$/2QFHWKHVDPSOHVZHUHUHFHLYHGDWWKH:$)$/WKHFKDLQRIFXVWRG\IRUPZDV
FRPSOHWHGDQGWKHVDPSOHVDOORFDWHGWRWKH:$)$/DQGWKH-6&0LFURELRORJ\/DERUDWRU\
 6DPSOH$QDO\VLV
'LVFXVVLRQRI$QDO\WLFDO5HVXOWV
7KH-6&:$)$/DQGWKH0LFURELRORJ\/DERUDWRU\DUHDFFUHGLWHGIDFLOLWLHVDQGXWLOL]H
WHFKQLTXHVWKDWDUHXVHGWKURXJKRXWODERUDWRULHVDURXQGWKHZRUOG7KH0LFURELRORJ\
/DERUDWRU\DQDO\]HGIRUWRWDOFRXQWVIRUEDFWHULDDQGIXQJLXVLQJDVWDQGDUGKRXULQFXEDWLRQ
SHULRGIRUEDFWHULDOLVRODWHVDQGDGD\LQFXEDWLRQSHULRGIRUIXQJDOLVRODWHV7KHLQLWLDO
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FKHPLFDODQDO\VHVSHUIRUPHGRQWKHYDULRXVVXEHOHPHQWVRI&RPSRQHQWVDQGUHVSHFWLYHO\
1RWHWKDWLQDOOFDVHVWKHGDWDZHUHUHYLHZHGE\WZRLQGLYLGXDOVIURPWKHUHVSHFWLYHODERUDWRULHV
EHIRUHEHLQJDSSURYHGIRUUHOHDVHWRWKH1(6&WHDP,QDGGLWLRQWREHLQJVKDUHGZLWKWKH1(6&
WHDPWKHGDWDVHWZDVVKDUHGZLWK+6:/%RHLQJDQG0DUVKDOO6SDFH)OLJKW&HQWHU06)&
(&/6SHUVRQQHO
0LFURELRORJ\
:LWKWKHH[FHSWLRQRIWZRRIWKHHQWLUHVDPSOHVHWWKHOHYHOVRIEDFWHULDDQGIXQJLZHUHUHSRUWHG
DVOHVVWKDQWKHUHSRUWLQJOLPLW&)8SHUPORIVDPSOH1RIXQJLZHUHGHWHFWHGDERYHWKH
UHSRUWLQJOLPLWLQDQ\RIWKHVDPSOHVUHFHLYHG)RUWKHWZRVDPSOHVWKDWEDFWHULDZHUHLGHQWLILHG
DERYHWKHUHSRUWLQJOLPLWWKHLGHQWLILFDWLRQZDVPDGHDV5DOVWRQLDSLFNHWWLL%RWKSRVLWLYH
VDPSOHVFDPHIURPWKH&RPSRQHQWVDPSOLQJVHVVLRQ&RPSRQHQW/HJ%'KDGDEDFWHULDO
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WZRFRPSRXQGVGHWHFWHGDERYHWKHLUORZHUGHWHFWLRQOLPLWXVLQJGLUHFWLQMHFWLRQ*&06ZHUH
DFHWRQHPJODQGSURSDQROPJOSURSDQROLVDOVRNQRZQDVLVRSURSDQRORU
,3$1RRUJDQLFVSHFLHVZHUHGHWHFWHGDERYHWKHLUGHWHFWLRQOLPLWVXVLQJWKHSXUJHDQGWUDS
*&06PHWKRG$FHWRQHDQGSURSDQROPDGHXSDSSUR[LPDWHO\SHUFHQWRIWKH72&
PHDVXUHGLQWKHVDPSOH7KHQRWHGKHDGVSDFHSUHVHQWVWKHSRWHQWLDODQGDVQRWHGSUHYLRXVO\
VLQFHWKHVDPSOHVZHUHUHWXUQHGZLWKKHDGVSDFHLWLVTXLWHSRVVLEOHWKHDFWXDOFRQFHQWUDWLRQVLQ
WKH/HJ%'VDPSOHFRXOGKDYHEHHQKLJKHU5HVXOWVRIWKLVDQDO\VLVFDQEHVHHQLQ$SSHQGL[+
7KHUHLVDSRWHQWLDOH[SODQDWLRQIRUWKHSUHVHQFHRISURSDQRODQGDFHWRQH:KHQPDWLQJ4'V
LWLVFRPPRQSUDFWLFHWRGLVLQIHFWWKH4'VXUIDFHVXVLQJGLVLQIHFWDQWZLSHVFRQWDLQLQJ
SURSDQRO7KHVDPSOLQJSURFHGXUHUHYLHZHGE\WKH1(6&WHDPFDOOHGIRUDPLQXWHZDLWLQJ
SHULRGEHIRUHPDWLQJWRDOORZIRUDQ\UHPDLQLQJSURSDQROWRHYDSRUDWH,IDQLQVXIILFLHQWWLPH
ZDVDOORZHGWRSDVVWKHQUHVLGXDOSURSDQROFRXOGKDYHEHHQWUDSSHGLQWKHPDWHG4'VDQG
HQWUDLQHGLQWRWKHWZROHJVGXULQJWKHRULJLQDOILOOLQJRIWKH258/HJ%&DOVRKDGDKLJK72&
DQGPRVWSUREDEO\KDGDSURSDQROFRPSRQHQWLQWKHFDUERQEDODQFHEXWEHFDXVHRIWKHVPDOOHU
VDPSOHVL]HDYDLODEOHQRWHQRXJKUHPDLQHGDIWHUDQDO\VLVIRUDUFKLYLQJ&RQVLGHULQJWKHORZ
GHDGYROXPHLQWKHVHWZROHJVLWZRXOGQRWWDNHPXFKSURSDQROWRUHDFKWKHREVHUYHG
FRQFHQWUDWLRQIXUWKHUPRUHR[LGDWLRQRISURSDQROUHVXOWVLQWKHIRUPDWLRQRIDFHWRQH
&KHPLFDOR[LGDWLRQUHTXLUHVDVWURQJR[LGL]HUVXFKDVK\GURJHQSHUR[LGH+\GURJHQSHUR[LGH
ZDVXVHGWRZLSHWKH4'VSULRUWRFRQQHFWLRQWRWKH+6:/ZDWHUFDUWIRUWKHVDPSOLQJ
SHUIRUPHGGXULQJWKLVDVVHVVPHQW6RPHEDFWHULDDUHNQRZQWRR[LGL]HSURSDQROWRDFHWRQH
,QWKHHQGDGHILQLWLYHDQVZHURQWKHRULJLQRIWKHDFHWRQHFDQQRWEHJLYHQIURPWKHGDWD
SURYLGHG7KH-6&WR[LFRORJ\ODERUDWRU\GHWHUPLQHGWKDWWKH6SDFHFUDIW:DWHU([SRVXUH
*XLGHOLQHIRUSURSDQROLVPJ/GD\IRUDGD\H[SRVXUHDQGPJ/GIRUDGD\
H[SRVXUH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/HJ%&GRQRWSRVHDULVNLILQJHVWHGE\DFUHZPHPEHU
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
DQGDOORIWKHDQDO\]HGPLQHUDOVFDOFLXPPDJQHVLXPSKRVSKDWHVRGLXPDQGSRWDVVLXP:LWK
WKHH[FHSWLRQRISRWDVVLXPDOORIWKHRWKHUPLQHUDOVZHUHDWURXJKO\WKHVDPHFRQFHQWUDWLRQVDV
/HJ%'
/HJ&LQ&RPSRQHQWFRQWDLQVDQ0&9VHH)LJXUH7KHSXUSRVHRIWKH0&9LVWRDGG
LRGLQHWRWKHZDWHUDVLWIORZVWKURXJKWKH0&9FDUWULGJHZKLFKFRQWDLQVDUHVLQLPSUHJQDWHG
ZLWKLRGLQHWKHSURFHVVE\ZKLFKLRGLQHLVORDGHGRQWRWKHUHVLQLVSURSULHWDU\WRWKH
PDQXIDFWXUHU8PSTXD5HVHDUFK&RPSDQ\85&8PSTXD257KH&RPSRQHQW/HJ%&
VDPSOHSRWDVVLXPFRQFHQWUDWLRQZDVVLJQLILFDQWO\HOHYDWHGPJO,IWKHFRQFHQWUDWLRQVRI
LRGLGHDQGSRWDVVLXPDUHFRPSDUHGIURPWKHVWRLFKLRPHWULFLHPRODUEDVLVVWDQGSRLQWWKHQLW
LVDFORVHPDWFKIRUSRWDVVLXPLRGLGH.,7KLVUHVXOWOHGWKH1(6&WHDPWRTXHVWLRQLI.,ZDV
XVHGGXULQJWKHPDQXIDFWXUHDQGSUHSDUDWLRQRIWKH0&97KHWHDPDVNHG+6:/WRLQTXLUH
IURP85&ZKRVXSSOLHVWKH0&9WR+6:/IRULQWHJUDWLRQLQWRWKHIOLJKWZDWHUV\VWHPV
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ZKHWKHU.,ZDVXVHGGXULQJWKH0&9SUHSDUDWLRQ85&FRQILUPHGWKDWSRWDVVLXPZDVXVHGLQ
WKHSURFHVVEXWFLWLQJSURSULHWDU\FRQFHUQVZRXOGQRWLGHQWLI\WKHFRXQWHULRQ+RZHYHUIURP
WKHDQDO\VLVSHUIRUPHGE\WKH:$)$/LWLVSUREDEOHWKDWLWZDVWKHUHDV.,

7KH:$)$/KDGRQWKHVKHOIDQRQIOLJKW0&9ZKLFKKDGEHHQVWRUHGZHWIRUDWOHDVW\HDUV
6DPSOHVIURPWKLV0&9ZHUHWDNHQWRFRPSDUHWRWKH&RPSRQHQWFKHPLVWU\DQDO\VLV8SRQ
VDPSOLQJDQGDQDO\VLVLRGLGHDQGSRWDVVLXPZHUHLGHQWLILHGDWDQGPJOUHVSHFWLYHO\
$OWKRXJKWKHVWRLFKLRPHWULFEDODQFHLVQRWDVFORVHDVLQ/HJ%&LWLVVWLOOVXJJHVWLYHRIWKH
SUHVHQFHRI.,5HVXOWVIURPWKLVDQDO\VLVDUHJLYHQLQ$SSHQGL[,

,QWHUPVRI72&WKHVDPHDUJXPHQWIRU/HJ%'FRXOGEHLQYRNHGSURSDQROIURP
GLVLQIHFWDQWZLSHV7KHKLJKHUFRQFHQWUDWLRQFRXOGDOVREHDVFULEHGWRWKHQRUPDOEUHDNGRZQRI
WKHEDFNERQHRIWKHSRO\PHULFUHVLQLQWKH0&9ZKLFKLVFRPPRQO\XVHGLQ,;EHGV/RRNLQJ
DWDGGLWLRQDOGDWDFRPEXVWLRQSURGXFWVLWDSSHDUVWKDWWKHUHVLQEDFNERQHLVSRO\VW\UHQH
GLYLQ\OEHQ]HQH+RZHYHUGXHWRWKHODFNRIVDPSOHYROXPHWKLVLGHQWLILFDWLRQFRXOGQRWEH
FRQILUPHG
) 0&9VZLWKLRGLQDWHGUHVLQSURGXFHSRWDVVLXPDQGLQFUHDVLQJFRQFHQWUDWLRQVRI
LRGLGHDVDUHVXOWRILRGLQHGHFRPSRVLWLRQGXULQJORQJWHUPZHWVWRUDJH
) &DOFLXPPDJQHVLXPSKRVSKDWHSRWDVVLXPDQGVRGLXPDUHXVHGLQFOHDQLQJ
FRPSRXQGVGXULQJKDUGZDUHSUHSDUDWLRQDQGWKLVPD\H[SODLQWKHSUHVHQFHRI
WKHVHPLQHUDOVLQWKHVDPSOHDQDO\VHV
 6DPSOH$QDO\VLV&RQFOXVLRQVDQG5HFRPPHQGDWLRQV
)URPWKHPLFURELRORJLFDOVWDQGSRLQWFRQVLGHULQJWKDWWKHVH258¶VKDGQRWEHHQGLVLQIHFWHGWKH
SURFHGXUHVXVHGWRPDLQWDLQDGLVLQIHFWHGHQYLURQPHQWZHUHODUJHO\YHU\HIIHFWLYH&RPSRQHQW
OHJV%&DQG%'VDPSOHVIURPWKHFKHPLFDOVWDQGSRLQWKDYHDPDUJLQDOFRQFHUQRIHYLGHQFH
RIFRUURVLRQLURQQLFNHO]LQFFKURPLXP
(OHYDWHG72&OHYHOVLQ&RPSRQHQW/HJ%&DQG/HJ%'FRXOGEHDFFRXQWHGIRUE\LPSURSHU
XVHRIWKHGLVLQIHFWDQWZLSHVSURSDQRODQGLQWKHFDVHRI/HJ%&EUHDNGRZQRIWKH0&9
UHVLQPDWHULDO7KHSUHVHQFHRIDFHWRQHLQWKH/HJ%'VDPSOHFDQQRWEHDFFRXQWHGIRU
GHILQLWLYHO\EXWFDQEHWKHE\SURGXFWRISURSDQROEDFWHULDOR[LGDWLRQ7KHSUHVHQFHRID
YDULHW\RIPLQHUDOVFRXOGEHDFFRXQWHGIRUE\WKHLQFRPSOHWHUHPRYDORIFOHDQLQJIOXLGVGXULQJ
KDUGZDUHSUHSDUDWLRQ+6:/FRQMHFWXUHGWKHFOHDQLQJPDWHULDOVXVHGFRXOGDFFRXQWIRUWKH
SUHVHQFHRIPLQHUDOV7KHKLJKOHYHOVRISRWDVVLXPDQGLRGLGHLRQVLQERWK/HJV%&DQG%'
FDQEHDFFRXQWHGIRUE\WKHUHSRUWHGXVHRIDSRWDVVLXPVDOWGXULQJ0&9SUHSDUDWLRQDQGWKH
QDWXUDOGHFD\RILRGLQHWRLRGLGHRYHUWLPH2WKHU258VOLNHWKH$&7(;WKDWKDYHUHVLQPD\
DOVRSURGXFH72&WKDWFRXOGEXLOGXSGXULQJVWRUDJH7KLV72&FRXOGWKHQEHLQWURGXFHGWR
RWKHUFRPSRQHQWVXSRQLQVWDOODWLRQ6DPSOLQJRIVSDUH$&7(;258VPD\SURYLGHHYLGHQFHRI
72&SURGXFWLRQGXULQJVWRUDJH
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) 3UHVHQFHRISURSDQRODQGDFHWRQHLQWKHVDPSOHG258ZDWHUFDQQRWEH
H[SODLQHGDVVXPLQJDGKHUHQFHWRGRFXPHQWHGSURFHGXUHVDVSUHVHQWHGWRWKH
1(6&WHDPDQGFRXOGSRVVLEO\VHUYHDVQXWULHQWVIRUFHUWDLQEDFWHULD
 $VVHVVPHQWRI&RUURVLRQDQG%LRIRXOLQJ
7KHWZRIDLOXUHPHFKDQLVPVRILPSRUWDQFHLQORQJWHUPVWRUDJHRI,66ZHW258VDUHFRUURVLRQ
DQGELRIRXOLQJ&RUURVLRQFDQOHDGWROHDNDJHRUIRUPDWLRQRISUHFLSLWDWHVZLWKLQWKHZRUNLQJ
IOXLG%LRIRXOLQJKDVEHHQVKRZQWRGHFUHDVHHIILFLHQF\LQKHDWH[FKDQJHUVVORZRUEORFNIOXLG
IORZGHFRPSRVHGLVWULEXWHGIOXLGVHJK\GURFDUERQVGHJUDGHGULQNLQJZDWHUTXDOLW\DQG
LQFUHDVHWKHOLNHOLKRRGRIFRUURVLRQ
 &RUURVLRQ
&RUURVLRQFDQEHGHILQHGDVWKHLQWHUDFWLRQRIDPDWHULDOZLWKLWVHQYLURQPHQWOHDGLQJWR
GHJUDGDWLRQRIWKHPDWHULDOFDSDELOLWLHVDQGRUIXQFWLRQ,WIROORZVWKDWWRDVVHVVWKHULVNRI
FRUURVLRQIRUDQ\HQJLQHHUHGVWUXFWXUHLQIRUPDWLRQUHJDUGLQJERWKWKHPDWHULDODQGWKH
HQYLURQPHQWLQFOXGLQJFKHPLVWU\WHPSHUDWXUHDQGPLFURIORUDWRZKLFKLWLVH[SRVHGLV
UHTXLUHG7KHOLPLWDWLRQVRIWKHLQIRUPDWLRQDYDLODEOHIRUWKLVUHYLHZSUHYHQWHGVXFKDVVHVVPHQWV
IURPEHLQJPDGHZLWKDKLJKGHJUHHRIFRQILGHQFHSDUWLFXODUO\ZLWKUHJDUGVWRDQLQGLYLGXDO
258)RUHDFKW\SHRI258DOLVWRIZHWWHGPDWHULDOVZDVSURYLGHGZLWKDJHQHUDOGHVFULSWLRQ
RIWKHQRPLQDOFKHPLVWU\RIWKHZRUNLQJIOXLGV,QIRUPDWLRQUHJDUGLQJFRQQHFWLRQVEHWZHHQ
ZHWWHGPDWHULDOVZDVQRWJLYHQGXHWRSURSULHWDU\FRQFHUQV6XFKJHRPHWULFLQIRUPDWLRQLV
FULWLFDOLQIXOO\DVVHVVLQJWKHULVNRIJDOYDQLFDQGFUHYLFHFRUURVLRQ
0DWHULDOV$VVHVVPHQW
7KH258VDUHFRQVWUXFWHGXVLQJDEURDGUDQJHRIPDWHULDOV/LVWVRIZHWWHGPDWHULDOVSURYLGHG
E\+6:/LGHQWLI\PDWHULDOVWKDWDUHZHWWHGLQDWOHDVWRQHRIWKH258VXQGHUFRQVLGHUDWLRQ
7KHPDWHULDOVRIPRVWLQWHUHVWIRUWKLVDQDO\VLVDUHWKHPHWDOOLFDOOR\V7KRVHDOOR\VWKDWFRXOGEH
VXVFHSWLEOHWRFRUURVLRQGDPDJHLQQRPLQDORUFRQWDPLQDWHGZRUNLQJIOXLGVDUHOLVWHGIRUHDFK
258LQZKLFKWKH\DUHSUHVHQWLQ7DEOH
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Table 6.3-1.  Materials of Construction for ORUs of Interest that are Susceptible to Corrosion in 
Contaminated Working Fluids 
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0DWHULDOVXVHGLQDQDPELHQWWHPSHUDWXUHZDWHUVROXWLRQUDQJHIURPERUGHUOLQHFRUURVLRQ
UHVLVWDQWVWDLQOHVVVWHHOVHJ6666WRKLJKO\FRUURVLRQUHVLVWDQWPDWHULDOVVXFKDV
WLWDQLXPDQGQLFNHOEDVHDOOR\V7KHPDWHULDOVRIJUHDWHVWFRQFHUQDUHWKHERUGHUOLQHVWDLQOHVV
VWHHOV7KHPDWHULDOVOLVWHGLQ7DEOHZRXOGEHH[SHFWHGWRKDYHVXIILFLHQWFRUURVLRQ
UHVLVWDQFHLQWKHQRPLQDOZRUNLQJIOXLGVRIWKH258VLH',ZDWHUIRUORQJWHUPVWRUDJHDQG
XVH)RUH[DPSOHDUHDVRQDEOHXQLIRUPFRUURVLRQUDWHIRUVWDLQOHVVVWHHOLQSRWDEOHZDWHUPLJKW
EH$FPPHDQLQJWKDWLWZRXOGWDNHDOPRVW\HDUVIRUDZDOORILQFKHVȝP
WREHEUHDFKHG
8QIRUWXQDWHO\ORZOHYHOVRIFRQWDPLQDWLRQE\FKORULGHLRQVPDNHWKHVHPDWHULDOVVXVFHSWLEOHWR
ORFDOL]HGFRUURVLRQVXFKDVSLWWLQJDQGFUHYLFHFRUURVLRQ7KHOHYHORIFRQWDPLQDWLRQGHSHQGVRQ
WKHDOOR\WKHVROXWLRQWHPSHUDWXUHDQGWKHFRPSRVLWLRQRIWKHZRUNLQJIOXLGEXWOHYHOVRQWKH
RUGHURI௅PJOZRXOGEHSRWHQWLDOO\GHOHWHULRXVHVSHFLDOO\DERYHURRPWHPSHUDWXUH>UHI@
7KHUHDUHQXPHURXVSRWHQWLDOVRXUFHVRIVXFKFRQWDPLQDWLRQZLWKWKHPRVWOLNHO\FRPLQJIURP
KXPDQKDQGOLQJRIWKH258GXULQJLQVWDOODWLRQDQGUHSODFHPHQW
/RFDOL]HGFRUURVLRQRFFXUVZKHQGLVFUHWHDUHDVRIDQRWKHUZLVHFRUURVLRQUHVLVWDQWPDWHULDO
XQGHUJRKLJKUDWHGLVVROXWLRQ,WLVJHQHUDOO\FDWHJRUL]HGE\WKHJHRPHWU\FUHDWHGRULQYROYHG
7KHWZRPRVWOLNHO\LPSRUWDQWORFDOL]HGFRUURVLRQPRGHVLQWKH258VDUHSLWWLQJDQGFUHYLFH
FRUURVLRQ
3LWWLQJRFFXUVZKHQORFDOVLWHVRQDVXUIDFHWKDWLVIXOO\H[SRVHGWRWKHEXONHQYLURQPHQWDUH
DWWDFNHGDQGJURZIODZVLQWRWKHVXUIDFHGXHWRGLVVROXWLRQ2IWHQWKHVHIODZVDUHQHDUO\
KHPLVSKHULFDOEXWDOOR\PLFURVWUXFWXUHDQGHQYLURQPHQWDOFRQGLWLRQVFDQFRQVSLUHWRPDNHWKHP

8VLQJ)DUDGD\¶V/DZWKHWLPHWRGLVVROYHWKURXJKLQFKHVRIVWHHOFDQEHHVWLPDWHGJLYHQWKHGHQVLW\RIVWHHO
JFPWKHHTXLYDOHQWZHLJKWJHTXLYDOHQW)DUDGD\¶VFRQVWDQW&HTXLYDOHQWDQGDQDVVXPHG
GLVVROXWLRQUDWH$FP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KDYHDZLGHUDQJHRIDVSHFWUDWLRV,QPDQ\FDVHVWKHVHSLWVLQLWLDWHDWPHWDOOXUJLFDOIODZVVXFK
DVLQFOXVLRQVWKDWLQWHUVHFWWKHVXUIDFHEXWLQVRPHLQVWDQFHVWKHVSDWLDOGLVWULEXWLRQRISLWV
DSSHDUVVWRFKDVWLF
&UHYLFHFRUURVLRQRFFXUVRQDVXUIDFHWKDWLVLQVRPHZD\RFFOXGHGIRUH[DPSOHE\WKH
SUHVHQFHRIDJDVNHWRUDQRWKHUPHWDOLQLQWLPDWHFRQWDFWDVLQD4'FRQQHFWRU7KHJHRPHWU\RI
WKHRFFOXGHGVLWHLQFOXGLQJWKHW\SHVRIPDWHULDOVLQFRQWDFWKDVDVLJQLILFDQWHIIHFWRQWKH
OLNHOLKRRGDQGVHYHULW\RIWKHGDPDJH%RWKW\SHVRIORFDOL]HGFRUURVLRQFDQSURSDJDWHDWUDWHV
VXIILFLHQWWRFDXVHOHDNVUDSLGO\DIWHULQLWLDWLRQRIFRUURVLRQ)RUDJLYHQPDWHULDOWKHLQLWLDWLRQ
WLPHLVGHWHUPLQHGLQODUJHSDUWE\WKHFRPSRVLWLRQDQGFRQGLWLRQRIWKHZRUNLQJIOXLG+LJKHU
WHPSHUDWXUHVDQGFKORULGHFRQFHQWUDWLRQVGULYHLQLWLDWLRQWLPHVORZHUZKHUHDVIORZDQGWKH
SUHVHQFHRIQRQDJJUHVVLYHDQLRQVVXFKDVVXOIDWHLQFUHDVHLQLWLDWLRQWLPHV
) 6RPHZHWWHGPDWHULDOVWKRVHLGHQWLILHGLQ7DEOHXVHGLQWKH258VKDYHD
ERUGHUOLQHUHVLVWDQFHWRFRUURVLRQDQGPD\EHVXVFHSWLEOHWRORFDOL]HGFRUURVLRQLQ
WKHSUHVHQFHRIVXIILFLHQWFRQFHQWUDWLRQVRIFKORULGHLRQV
*HRPHWU\&RQVLGHUDWLRQV
$OOORFDOL]HGFRUURVLRQRIVWDLQOHVVVWHHORFFXUVZKHQWKHHQYLURQPHQWDODQGJHRPHWULFDO
FRQGLWLRQVDOORZIRUGLVVROXWLRQSURGXFWVRIWKHPDWHULDOWRDFFXPXODWHLQDVPDOOYROXPH*LYHQ
DVXIILFLHQWLPSHGLPHQWWRGLIIXVLYHGLVSHUVLRQPHWDOFDWLRQVHJ)H&UDQG1LZLOO
UHDFWZLWKZDWHUK\GURO\]HFUHDWLQJORFDOO\DFLGLFFRQGLWLRQVDFFRUGLQJWRDUHDFWLRQVXFKDV
(TXDWLRQ
 &U+2 &U2++ (T
7KHFUHDWLRQRIDQLQFUHDVHGORFDOFRQFHQWUDWLRQRIFDWLRQVHJPHWDOLRQVDQGK\GURJHQLRQV
FUHDWHVDQHOHFWULFDOSRWHQWLDOGULYLQJIRUFHIRUDQLRQVWRPLJUDWHLQWRWKHORFDOVLWHWRPDLQWDLQ
FKDUJHQHXWUDOLW\&KORULGHLRQVDUHVRPHRIWKHPRVWPRELOHLRQVDQGLISUHVHQWDVWKHGRPLQDQW
DQLRQZLOOFRQFHQWUDWHLQWKHRFFOXGHGVLWH7KXVWKHUHVWULFWHGGLIIXVLRQDWDQLQFLSLHQW
ORFDOL]HGFRUURVLRQVLWHOHDGVWRWKHFUHDWLRQRIDORFDOVROXWLRQWKDWLVK\GURJHQFKORULGH
6WDLQOHVVVWHHOVORVHKLJKFRUURVLRQUHVLVWDQFHLQDFLGLFFKORULGHVROXWLRQVVRWKHPDWHULDOLQWKH
RFFOXGHGVLWHVWDUWVWRGLVVROYHUDSLGO\IXUWKHUH[DFHUEDWLQJWKHDJJUHVVLYHVROXWLRQ/RFDO
VROXWLRQFRPSRVLWLRQVFDQKDYHS+YDOXHVDVORZDVDQGFKORULGHLRQFRQFHQWUDWLRQVDVKLJKDV
PROOHYHQLIWKHEXONVROXWLRQLVQHXWUDOZLWKDFKORULGHFRQFHQWUDWLRQLQWKHWHQVRIPJOUDQJH
>UHI@
7KHGHJUHHRIRFFOXVLRQRIWKHSRWHQWLDOFRUURVLRQVLWHLVDNH\IDFWRU7KHPRUHRFFOXGHGHJ
WKHWLJKWHUWKHFUHYLFHWKHPRUHOLNHO\FRUURVLRQLVWRRFFXU,QHQJLQHHUHGV\VWHPVDV
FRPSOLFDWHGDVWKH258VWKHUHDUHPDQ\SRVVLEOHFUHYLFHVGXHWRWKHQXPEHURIZHWWHG
FRPSRQHQWVWKDWDUHPHFKDQLFDOO\FRQQHFWHG7KHOLVWRIJHRPHWULHVFRQGXFLYHWRFUHYLFH
FRUURVLRQLQFOXGHWKH4'VDWJDVNHWVYDOYHVWKUHDGHGIDVWHQHUVHWF2QHH[DPSOHIURPDQ,66
258LVVKRZQLQ)LJXUH
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Figure 6.3-1.  Example of Occluded Regions from the ISS ORUs 
1RWH5HGRYDOVDQGFLUFOHVKLJKOLJKWDUHDVRISRVVLEOHFUHYLFHFRUURVLRQ

$QDGGLWLRQDODFFHOHUDWLQJFRPSOLFDWLRQLVWKHOLNHOLKRRGWKDWVRPHRIWKHVHVXVFHSWLEOHPDWHULDOV
DUHSDUWRIDFUHYLFHZLWKDQRWKHUPDWHULDOWKDWLVPRUHHOHFWURFKHPLFDOO\QREOHHJJUDSKLWH
VLOYHU,QFRQHO7L$O9RUSODWHGFKURPLXP7KHVHPDWHULDOVFDQGUDPDWLFDOO\LQFUHDVH
WKHUDWHDQGSUREDELOLW\RIFUHYLFHFRUURVLRQRIWKHVXVFHSWLEOHPDWHULDO>UHI@7KHH[WHQWRI
WKLVSRWHQWLDOSUREOHPFDQQRWEHHYDOXDWHGEHFDXVHDOWKRXJKWKHOLVWRIZHWWHGPDWHULDOVIRUHDFK
258ZDVSURYLGHGQRLQIRUPDWLRQFRQFHUQLQJZKDWPDWHULDOVDUHFRQQHFWHGZDVPDGH
DYDLODEOH+6:/ZDVQRWZLOOLQJWRVKDUHWKDWLQIRUPDWLRQZLWKWKH1(6&WHDPGXHWR
SURSULHWDU\FRQFHUQVVRWKHH[WHQWRIWKHSRWHQWLDOIRUFUHYLFHFRUURVLRQFRXOGQRWEHIXOO\
DVVHVVHGDQGWKXVRQO\JHQHUDOFRQFOXVLRQVFDQEHPDGHZLWKUHVSHFWWRFUHYLFHFRUURVLRQULVN
&RUURVLRQ5LVN'LVFXVVLRQ
$FWLYHFRUURVLRQLQZHW258VDSSHDUVVPDOOEDVHGRQOLPLWHGVDPSOHDQDO\VHVLHWZRXQLWV
GHVFULEHGLQ6HFWLRQLHYHU\ORZFRQFHQWUDWLRQVRIPHWDOVWKDWFRXOGRULJLQDWHIURP
PHWDOOLFPDWHULDOVRIFRQVWUXFWLRQ7KXVWKHOLNHOLKRRGRIVXEVWDQWLDOFRUURVLRQRIEROGO\
H[SRVHGVXUIDFHVLVKLJKO\XQOLNHO\7KHDOOR\VOLVWHGDVZHWWHGPDWHULDOVLQWKH258V
FRQVLGHUHGDUHJHQHUDOO\FRPSDWLEOHZLWKORQJWHUPVWRUDJHRI',ZDWHULQWKHDEVHQFHRI
H[WHQXDWLQJFLUFXPVWDQFHVLHJHRPHWU\PLFUREHVFKORULGHFRQWDPLQDWLRQ$QDO\VHVRI
VDPSOHVDUHFRQVLVWHQWZLWKKLJKSXULW\ZDWHUORZFRQFHQWUDWLRQRIDJJUHVVLYHVSHFLHVFKORULGH

³%ROGO\H[SRVHG´UHIHUVWRVXUIDFHVWKDWDUHLQGLUHFWFRQWDFWZLWKWKHEXONHQYLURQPHQW,WGHVFULEHVVXUIDFHVWKDW
DUHQRWRFFOXGHG
1$6$(QJLQHHULQJDQG6DIHW\&HQWHU
7HFKQLFDO$VVHVVPHQW5HSRUW
'RFXPHQW
1(6&53

9HUVLRQ

7LWOH
,66258:HW6WRUDJH5LVN$VVHVVPHQW
3DJH
RI

1(6&5HTXHVW1R7,
ZLWKKLJKHUFRQFHQWUDWLRQVRILQKLELWLQJVSHFLHVVXOIDWHSKRVSKDWH/RZUDWHSDVVLYH
GLVVROXWLRQKDVXQGRXEWHGO\RFFXUUHGDVGHPRQVWUDWHGE\WKHGHWHFWLRQRIPHWDOFDWLRQVHJ
LURQQLFNHOFKURPLXPPDQJDQHVHDOXPLQXPHWFLQWKHVDPSOHVDQDO\]HG6XFKSDVVLYH
GLVVROXWLRQZRXOGEHH[SHFWHG$WWKLVUDWHLWZRXOGEHPDQ\\HDUVWRSHUIRUDWLRQ6HH6HFWLRQ
IRUDTXDQWLWDWLYHH[DPSOH
,WZRXOGVHHPWKDWWKHSULPDU\ULVNDVVRFLDWHGZLWKWKHORZUDWHSDVVLYHFRUURVLRQRIWKH
VWDLQOHVVVWHHOFRPSRQHQWVGXULQJVWRUDJHLVWKHLUSRWHQWLDOHIIHFWVRQWKHK\GURJHQ258FHOO
VWDFN$QXPEHURIWKHVHPHWDOVFDQEHHOHFWURGHSRVLWHGXQGHUWKHFRQGLWLRQVSUHVHQWDWWKH
FDWKRGHLQWKHFHOOVWDFN6XFKHOHFWURGHSRVLWLRQZRXOGPRVWOLNHO\RFFXUDWWKHFDWDO\WLFVLWHV
GHVLJQHGWREHDFWLYHIRUK\GURJHQJHQHUDWLRQOHDGLQJWRDORVVRIHIILFLHQF\RIWKHFHOOVWDFNDQG
SRVVLEOHHDUO\IDLOXUHLIHQRXJKRIWKHUHDFWLRQVLWHVDUHQHXWUDOL]HG,WKDVEHHQGRFXPHQWHGWKDW
PHWDOLRQVDOVRGHJUDGH1DILRQPHPEUDQHV>UHIVDQG@
7KHUHH[LVWVVRPHOLNHOLKRRGRIORFDOL]HGFRUURVLRQLQSK\VLFDOO\RFFOXGHGUHJLRQVHJFUHYLFHV
DWILWWLQJVFUHYLFHVXQGHU2ULQJVHWF6RPHRIWKHZHWWHGPDWHULDOVRIFRQVWUXFWLRQVHH7DEOH
DUHVXVFHSWLEOHWRVXFKDWWDFNLQGLOXWHFKORULGHVROXWLRQHJVWDLQOHVVVWHHOLQPJO
1D&O>UHI@1RWHVWDLQOHVVVWHHOLVVXEVWDQWLDOO\OHVVUHVLVWDQWWRORFDOL]HGFRUURVLRQWKDQ
VWDLQOHVVVWHHO7KLVOLNHOLKRRGLQFUHDVHVZLWKLQFUHDVHGWHPSHUDWXUHGHJUHHRIRFFOXVLRQ
VWDJQDQWVROXWLRQDQGSK\VLFDOFRQWDFWZLWKPRUHQREOHPDWHULDOVHJJUDSKLWHWLWDQLXP>UHI
@7KHLQDELOLW\WRKDYHDFFHVVWRLQIRUPDWLRQUHJDUGLQJWKHGHWDLOHGJHRPHWU\RIWKH258V
PDNHVDVVHVVPHQWRIWKHOLNHOLKRRGRIFUHYLFHFRUURVLRQVSHFXODWLYHEXWVLPLODUFRPSRQHQWVGR
KDYHPDQ\VXFKSK\VLFDOO\RFFOXGHGUHJLRQV7KHPRVWOLNHO\FRQVHTXHQFHRIVXFKFRUURVLRQ
ZRXOGEHWKHGHYHORSPHQWRIOHDNVDWWKHDIIHFWHGILWWLQJVZKLFKZRXOGLQFUHDVHLQVHYHULW\ZLWK
WLPH6DPSOHUHVXOWVIRUWKLVDVVHVVPHQWZHUHIRU\HDUVRIVWRUDJH/RFDOL]HGFRUURVLRQ
RFFXUVDIWHUDQLQGXFWLRQSHULRGWKHOHQJWKRIZKLFKGHSHQGVRQWKHPDWHULDOWKHRFFOXVLRQRIWKH
VLWHDQGWKHFKHPLFDOHQYLURQPHQWHJFKORULGHFRQFHQWUDWLRQWHPSHUDWXUHIORZ
 %LRIRXOLQJ
%LRIRXOLQJLVWKHFRQWDPLQDWLRQRIDV\VWHPE\ELRORJLFDOFRPSRQHQWVLQFOXGLQJ
PLFURRUJDQLVPVSODQWVDQLPDOVDQGRUWKHUHVXOWLQJE\SURGXFWVRIELRORJLFDODFWLYLWLHV
'LPHQVLRQDOO\ELRIRXOLQJLVRIWHQVHSDUDWHGLQWRPDFURVFDOHHJEDUQDFOHVDQGPLFURVFDOH
HJEDFWHULD,QUHJDUGVWR,66258FRPSRQHQWVELRIRXOLQJFDXVHGE\PLFURRUJDQLVPVLVRI
FKLHIFRQFHUQ0LFURRUJDQLVPVDUHVSDWLDOO\ORFDWHGLQFRQWDPLQDWHGV\VWHPVDWVXUIDFHV
VHVVLOHRULQWKHEXONHOHFWURO\WHSODQNWRQLF
%LRIRXOLQJUHTXLUHVELRORJLFDOFRPSRQHQWVDQGDPHGLXPFDSDEOHRIELRORJLFDOVXVWDLQPHQW
0LFURRUJDQLVPVUHTXLUHZDWHUQXWULHQWVDQGHOHFWURQDFFHSWRUV/LTXLGZDWHULVQHHGHGIRUDOO
IRUPVRIOLIHDQGWKHDYDLODELOLW\RIZDWHULQIOXHQFHVWKHGLVWULEXWLRQDQGJURZWKRI
PLFURRUJDQLVPV&KHPLFDODQGELRORJLFDODQDO\VHVRIZDWHUVIURPWKHWZRVDPSOHG258V
LQGLFDWHWKHSUHVHQFHRIRUJDQLFVPHWDOFDWLRQVDQGEDFWHULDVHH6HFWLRQ
7KHWHUPELRILOPHPEUDFHVDQHQRUPRXVUDQJHRIPLFURELDODVVRFLDWLRQVJHQHUDOO\IRXQGDW
SKDVHERXQGDULHV>UHI@%LRILOPVIRUPRQDOOHQJLQHHULQJPDWHULDOVH[SRVHGLQELRORJLFDOO\
1$6$(QJLQHHULQJDQG6DIHW\&HQWHU
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DFWLYHHQYLURQPHQWVLQFOXGLQJH[WUHPHHQYLURQPHQWVVXFKDVXOWUDSXUHZDWHUV>UHIV@
,PPHGLDWHO\DIWHUDWWDFKPHQWPLFURRUJDQLVPVLQLWLDWHSURGXFWLRQRIVOLP\DGKHVLYHH[WUDFHOOXODU
SRO\PHULFVXEVWDQFHVZKLFKDVVLVWLQEULGJLQJPLFURELDOFHOOVZLWKWKHVXEVWUDWXP%LRILOP
DFFXPXODWLRQDWVXUIDFHVLVDQDXWRFDWDO\WLFSURFHVV,QLWLDOFRORQL]DWLRQLQFUHDVHVVXUIDFH
LUUHJXODULW\DQGSURPRWHVIXUWKHUELRILOPIRUPDWLRQ%LRILOPVSURYLGHSURWHFWLYHHQYLURQPHQWV
IRUPLFURRUJDQLVPVDQGLQPRVWFDVHVDOORZGLIIHUHQWW\SHVRIPLFURRUJDQLVPVWRIORXULVKZLWKLQ
GLIIHUHQWVWUDWDRIWKHELRILOP>UHI@0LFURRUJDQLVPVZLWKLQWKHELRILOPDFWV\PELRWLFDOO\WR
SURGXFHFRQGLWLRQVPRUHIDYRUDEOHIRUWKHJURZWKRIHDFKVSHFLHV'HQVHELRILOPVFDQIRUPDVD
UHVXOWRIKLJKVKHDUVWUHVVRUVWDUYDWLRQ>UHI@(YLGHQFHRIELRILOPZDVQRWQRWHGLQWKHZDWHU
VDPSOHGIURPWKHWZR258V+RZHYHUQHLWKHUFRPSRQHQWZDVGLVDVVHPEOHGIRUH[DPLQDWLRQ
:DWHUZLWKVXLWDEOHIRUPVRIFDUERQQLWURJHQSKRVSKRUXVDQGVXOIXUVXSSRUWVPLFURELDOJURZWK
0LFURRUJDQLVPVFDQXVHDYDULHW\RIHOHFWURQDFFHSWRUVIRUUHVSLUDWLRQLQFOXGLQJR[\JHQVXOIDWH
QLWUDWHQLWULWH&2)H0QDQG&U(QHUJ\GHULYHGIURPRUJDQLFFDUERQGULYHV
KHWHURWURSKLFPLFURELDOJURZWKZLWKLQELRILOPV+HWHURWURSKVFDQQRWIL[FDUERQGLUHFWO\EXW
UHTXLUHRUJDQLFFDUERQPROHFXOHVIURPWKHLUVXUURXQGLQJV*HQHUDOO\LQFUHDVLQJWKH72&
LQFUHDVHVWKHVXEVWUDWHRUFDUERQVRXUFHDYDLODEOHWRWKHELRILOP&DUERQLVQRWDOZD\VWKH
JURZWKOLPLWLQJQXWULHQWIRUPLFURRUJDQLVPV3KRVSKRUXVDQGQLWURJHQPD\EHOLPLWLQJLQVRPH
DTXDWLFV\VWHPV
&KHPLFDODQDO\VLVRIWKHZRUNLQJIOXLGVLQGLFDWHVORZOHYHOVPJORISKRVSKRURXVFDOFLXP
PDJQHVLXPVRGLXPDQGSRWDVVLXPZKLOH72&FRQFHQWUDWLRQVZHUHEHWZHHQDQGPJO
1LWURJHQZDVEHORZWKHGHWHFWLRQOLPLWIRUDOOZDWHUVDPSOHV&KHPLFDODQDO\VHVIURPWKH
+6:/:DWHU&DUWDQG:$)$/WULSOHEODQNFRQWUROVDPSOHVZHUHEHORZGHWHFWLRQOLPLWVIRU
DOOFRQWDPLQDQWV)URPWKHZRUNLQJIOXLGRI&RPSRQHQW/HJ%'GLUHFWLQMHFWLRQ*&06
LGHQWLILHGSURSDQROPJODQGDFHWRQHPJOVHH6HFWLRQ5HJDUGOHVVRIWKH
RULJLQRIWKHSURSDQRODQGDFHWRQHWKHLUSUHVHQFHSURYLGHVRQHRIWKHUHTXLUHPHQWVIRU
VXVWDLQPHQWRIPLFURELDOFRQVWLWXHQWV
&RPSRQHQW/HJ%'KDGDEDFWHULDOFRXQWRI&)8PODQG:DWHU&DUWKDGDEDFWHULDO
FRXQWRI&)8PO6HFWLRQ&RPSRQHQW/HJ&KDGDQ0&9WKDWZDVWKHVXVSHFWHG
VRXUFHRILRGLQHDQGLRGLGH/HJ%ZDVRSHQWR/HJ&E\ZD\RIDWKUHHZD\YDOYHVHH)LJXUH
DQGZRXOGKDYHEHHQH[SHFWHGWREHIUHHRIPLFURRUJDQLVPVGXHWRWKHLRGLQH/HJ'ZDV
LVRODWHGIURPWKH0&9DQGZRXOGEHPRUHOLNHO\WRKDYHDSRVLWLYHLQGLFDWLRQRI
PLFURRUJDQLVPVDQGELRIRXOLQJ7KH/HJ%'VDPSOHZDVFROOHFWHGILUVWE\SXVKLQJZDWHUIURP
/HJ%WKURXJK/HJ'DQGFROOHFWLQJZDWHUIURPERWKOHJVWRJHWKHU7KHUHVXOWVVXJJHVWWKDWWKH
ZDWHUZLWKRXWDFFHVVWRWKH0&9LRGLQHZDVDEOHWRPDLQWDLQWKHPLFURELDOFRPSRQHQWVEXW
SUROLIHUDWLRQGLGQRWRFFXU,WVKRXOGEHQRWHGWKDWWKHORZPHDVXUHG&)8VLQ/HJ%'FRXOG
DOVRKDYHEHHQGXHWRWKHLQIOXHQFHRILRGLQHIURP/HJ%ZKHUHWKHWLPHEHWZHHQVDPSOLQJDQG
DQDO\VLVZDVKRXUV,RGLQHIURP/HJ%ZKHQPL[HGZLWKPLFURELDOO\FRQWDPLQDWHGZDWHU
IURP/HJ'FRXOGKDYHUHGXFHGWKHPLFURELDOQXPEHUVDQGUHVXOWHGLQDIDOVHORZ&)8QXPEHU
+RZHYHULRGLQHFRQFHQWUDWLRQLQ/HJ%'ZDVEHORZGHWHFWLRQOLPLWPJO,RGLQHZDV
GHWHFWHGLQPHDVXUDEOHDPRXQWPJOLQ/HJ%&WKHVDPSOHWDNHQDIWHU/HJ%'
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 0,&
%LRIRXOLQJDQG0,&DUHQRWV\QRQ\PRXV0,&LVDSRWHQWLDOFRQVHTXHQFHRIELRIRXOLQJ7KH
WHUP0,&LVXVHGWRGHVLJQDWHFRUURVLRQGXHWRWKHSUHVHQFHDQGDFWLYLWLHVRIPLFURRUJDQLVPV
$VVKRZQLQ)LJXUH0,&UHTXLUHVPLFURRUJDQLVPVWREHSUHVHQWDQHOHFWURO\WH
FDSDEOHRIVXVWDLQLQJPLFURRUJDQLVPVDQGDPDWHULDOVXVFHSWLEOHWRFRUURVLRQH[SRVHGWRWKH
HOHFWURO\WH0,&KDVEHHQUHSRUWHGIRUDOOHQJLQHHULQJPHWDOVDQGDOOR\VZLWKWKHH[FHSWLRQRI
SUHGRPLQDQWO\WLWDQLXPDQGKLJKFKURPLXPQLFNHODOOR\V>UHIDQG@0LFURRUJDQLVPVFDQ
DFFHOHUDWHUDWHVRISDUWLDOUHDFWLRQVLQFRUURVLRQSURFHVVHVRUVKLIWWKHPHFKDQLVPIRUFRUURVLRQ
0LFURRUJDQLVPVGRQRWSURGXFHXQLTXHW\SHVRIFRUURVLRQ7KH\SURGXFHORFDOL]HGDWWDFN
LQFOXGLQJSLWWLQJGHDOOR\LQJHQKDQFHGHURVLRQFRUURVLRQHQKDQFHGJDOYDQLFFRUURVLRQVWUHVV
FRUURVLRQFUDFNLQJDQGK\GURJHQHPEULWWOHPHQW0,&RFFXUVLQHQYLURQPHQWVZKHUHFRUURVLRQ
ZRXOGQRWEHSUHGLFWHGHJORZFKORULGHZDWHUVDQGWKHUDWHVFDQEHH[FHSWLRQDOO\KLJK

Figure 6.3-2.  Requirements for MIC 
%LRIRXOLQJFDQLQFUHDVHWKHOLNHOLKRRGRIFRUURVLRQWKURXJKQXPHURXVPLFURELRORJLFDOO\
PHGLDWHGSURFHVVHVLQFOXGLQJVXOILGHGHULYDWL]DWLRQDFLGSURGXFWLRQELRPLQHUDOL]DWLRQPHWDO
GHSRVLWLRQDQGHQQREOHPHQW7KHVHSURFHVVHVDUHOLVWHGLQLQFUHDVLQJOLNHOLKRRGRIRFFXUUHQFH
LQWKHZHWWHG258V
6XOILGHGHULYDWL]DWLRQRFFXUVZKHQELRWLFDOO\SURGXFHGVXOILGHVUHDFWZLWKWKHSURWHFWLYHPHWDO
R[LGHSURGXFLQJDOHVVWHQDFLRXVDQGOHVVSURWHFWLYHPHWDOVXOILGH>UHI@6XOILGH
GHULYDWL]DWLRQUHTXLUHVVXOIDWHUHGXFLQJEDFWHULD65%DQGVXOIDWH1RWVXUSULVLQJFRQVLGHULQJ
WKHZDWHUVRXUFHZDWHUFDUW65%ZHUHQRWGHWHFWHGDQGVXOIDWHFRQFHQWUDWLRQVZHUHORZPD[
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+HWHURWURSKLFEDFWHULDWKDWVHFUHWHRUJDQLFDFLGVGXULQJIHUPHQWDWLRQRIRUJDQLFVXEVWUDWHVDUH
UHIHUUHGWRDVDFLGSURGXFLQJEDFWHULD7KHNLQGVDQGDPRXQWVRIDFLGVSURGXFHGGHSHQGRQWKH
W\SHRIPLFURRUJDQLVPVDQGWKHDYDLODEOHVXEVWUDWHPROHFXOHV2UJDQLFDFLGVPD\IRUFHDVKLIWLQ
WKHWHQGHQF\IRUFRUURVLRQWRRFFXU7KHLPSDFWRIDFLGLFPHWDEROLWHVLVLQWHQVLILHGZKHQWKH\
DUHWUDSSHGDWWKHELRILOPPHWDOLQWHUIDFH,QDGGLWLRQDFLGLILFDWLRQFDXVHVWKHSLWWLQJSRWHQWLDO
(SLWWREHFRPHPRUHQHJDWLYHWKHUHE\LQFUHDVLQJWKHOLNHOLKRRGRISLWWLQJ/LNHVXOILGH
SURGXFWLRQDFLGSURGXFWLRQLVRIWHQRUJDQLVPVSHFLILF5DOVWRQLDSLFNHWWLLLVQRWNQRZQWR
SURGXFHFRSLRXVDPRXQWVRIDFLGVDQGWKHUHIRUH0,&GXHWRDFLGSURGXFWLRQLVQRWH[SHFWHG
%LRPLQHUDOL]DWLRQFDQEHFDUULHGRXWE\DYDULHW\RIRUJDQLVPVLQFOXGLQJEDFWHULD\HDVWDQG
IXQJL>UHI@/RFDOL]HGFRUURVLRQRIVHULHVVWDLQOHVVVWHHOVKDVEHHQUHODWHGWRWKH
ELRPLQHUDOL]HGPHWDOGHSRVLWV>UHIVDQG@7KHPRVWFRPPRQPLFURELRORJLFDOO\
PHGLDWHGPHWDOGHSRVLWVLQFOXGHPDQJDQHVHDQGLURQR[LGHV0DQJDQHVHGHSRVLWVDUHHIILFLHQW
FDWKRGHVDQGFDQUHVXOWLQLQFUHDVHGOLNHOLKRRGRISLWWLQJDQGFUHYLFHFRUURVLRQGXHWR
HQQREOHPHQW'HSRVLWVFRQWDLQLQJPLFUREHVDQGR[LGL]HGVSHFLHVFUHDWHR[\JHQFRQFHQWUDWLRQ
FHOOVWKDWHIIHFWLYHO\H[FOXGHR[\JHQIURPWKHDUHDLPPHGLDWHO\XQGHUWKHGHSRVLWDQGLQLWLDWHD
VHULHVRIHYHQWVWKDWDUHLQGLYLGXDOO\RUFROOHFWLYHO\FRUURVLYH,QDQR[\JHQDWHGHQYLURQPHQW
WKHDUHDLPPHGLDWHO\XQGHULQGLYLGXDOGHSRVLWVEHFRPHVGHSULYHGRIR[\JHQ7KLVDUHDEHFRPHV
DUHODWLYHO\VPDOODQRGHFRPSDUHGWRWKHODUJHVXUURXQGLQJR[\JHQDWHGFDWKRGH7KHODUJHVWS+
GHFUHDVHLVIRXQGLQDOOR\VFRQWDLQLQJFKURPLXP)RUWKLVUHDVRQXQGHUGHSRVLWDWWDFNLV
SDUWLFXODUO\DJJUHVVLYHRQVHULHVVWDLQOHVVVWHHOV,QDGGLWLRQFKORULGHIURPWKHHOHFWURO\WH
ZLOOPLJUDWHWRWKHDQRGHWRQHXWUDOL]HFKDUJHEXLOGXSIRUPLQJFRUURVLYHPHWDOFKORULGHV8QGHU
WKHVHFLUFXPVWDQFHVFRUURVLRQLQYROYHVWKHFRQYHQWLRQDOIHDWXUHVRIORFDOL]HGFRUURVLRQLH
FUHYLFHDQGSLWWLQJFRUURVLRQGLIIHUHQWLDODHUDWLRQDODUJHFDWKRGHDQRGHVXUIDFHDUHDDQGWKH
GHYHORSPHQWRIDFLGLW\DQGPHWDOOLFFKORULGHVZLWKLQDQRFFOXGHGYROXPH6DPSOHVIURPWKH
+6:/ZDWHUFDUWLQGLFDWHGDODFNRIPHDVXUDEOHPDQJDQHVHDQGLURQ+RZHYHUWKHVHHOHPHQWV
ZHUHGHWHFWHGLQVDPSOHVWDNHQIURP&RPSRQHQW/HJV%&DQG%',QFUHDVHGPHWDO
FRQFHQWUDWLRQVDUHPRVWOLNHO\GXHWRSDVVLYHGLVVROXWLRQRIWKHZHWWHGDOOR\VVHH6HFWLRQ
5DOVWRQLDSLFNHWWLLLVQRWDPHWDOGHSRVLWLQJEDFWHULDDQGWKHORZFRQFHQWUDWLRQVRI
GLVVROYHGLURQDQGPDQJDQHVHPJOIRXQGLQWKHZRUNLQJIOXLGVZRXOGSUHFOXGH
SUROLIHUDWLRQRIPHWDOGHSRVLWLQJPLFURRUJDQLVPVHYHQLIWKH\ZHUHLQWURGXFHGLQWRWKHVH
V\VWHPV(OHYDWHGOHYHOVRIGLVVROYHGLURQZRXOGKDYHLQGLFDWHGDFWLYHFRUURVLRQKDGDOUHDG\
RFFXUUHGPDNLQJPLFURELDOO\PHGLDWHGGHSRVLWLRQGRXEWIXO
(QQREOHPHQWLVWKHLQFUHDVHRIWKHFRUURVLRQSRWHQWLDO(FRUUGXHWRELRILOPIRUPDWLRQRQDPHWDO
VXUIDFH>UHI@(QQREOHPHQWKDVEHHQREVHUYHGLQGLVWLOOHGIUHVKHVWXDULQHDQGPDULQH
ZDWHUVZLWKYDULRXVPHWDOVDQGDOOR\VLQFOXGLQJDOORIWKHZHWWHGPHWDOVOLVWHGLQ7DEOH
0LFURELDOFRORQL]DWLRQRISDVVLYHPHWDOVFDQVKLIW(FRUULQWKHQREOHGLUHFWLRQDQGSURGXFH
DFFRPSDQ\LQJLQFUHDVHVLQFXUUHQWGHQVLW\DQGSRODUL]DWLRQVORSHDWPLOGFDWKRGLFRYHUSRWHQWLDOV
LHWKHPHWDOELRILOPSURYLGHVDEHWWHUVRXUFHRIFDWKRGLFFXUUHQWWKDQWKHPHWDODORQH'XHWR
FKDUJHFRQVHUYDWLRQDQRGLFDQGFDWKRGLFFXUUHQWVPXVWEHHTXDODW(FRUU7KHUHIRUHWKHKLJKHU
WKHDYDLODEOHFDWKRGLFFXUUHQWWKHPRUHOLNHO\DQ\LQLWLDWHGVLWHRIORFDOL]HGFRUURVLRQDQRGH
FDQEHVXSSRUWHGDQGDOORZHGWRSURSDJDWH2IDOOWKHPLFURELRORJLFDOO\PHGLDWHGSURFHVVHV
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7HFKQLFDO$VVHVVPHQW5HSRUW
'RFXPHQW
1(6&53

9HUVLRQ

7LWOH
,66258:HW6WRUDJH5LVN$VVHVVPHQW
3DJH
RI

1(6&5HTXHVW1R7,
HQQREOHPHQWLVWKHPRVWOLNHO\WRRFFXULQZHWWHG258V(QQREOHPHQWGRHVQRWDIIHFWWKH
LQWULQVLFHOHFWURFKHPLFDOSDUDPHWHUVRIDQHOHFWURO\WHPHWDOV\VWHP&ULWLFDOSRWHQWLDOVIRU
GHVFULELQJVXVFHSWLELOLW\WRORFDOL]HGFRUURVLRQLQFOXGLQJSLWWLQJUHSDVVLYDWLRQRUFUHYLFH
SRWHQWLDOVDUHXQDOWHUHG(QQREOHPHQWLQFUHDVHVWKHGULYLQJIRUFHLHHOHFWURFKHPLFDOSRWHQWLDO
WKDWUHVXOWVLQKLJKHUSUREDELOLW\RIFRUURVLRQLQLWLDWLRQ)RUH[DPSOHWKHSKHQRPHQRQLV
SDUWLFXODUO\LPSRUWDQWIRUDOOR\VWKDWKDYHSLWWLQJSRWHQWLDO(SLWDIHZKXQGUHGPLOOLYROWVPRUH
QREOHWKDQ(FRUUHJVHULHVVWDLQOHVVVWHHOV$VWKHGLIIHUHQFHEHWZHHQ(FRUUDQG(SLWRU
FUHYLFHFRUURVLRQSRWHQWLDO(FUHYLFHEHFRPHVOHVVWKHSUREDELOLW\IRUFRUURVLRQLQLWLDWLRQLV
LQFUHDVHG7KHUHIRUHPDWHULDOVLQVLGHRI258VWKDWDUHVXVFHSWLEOHWRSLWWLQJFUHYLFHFRUURVLRQ
EHFRPHHYHQPRUH³ERUGHUOLQH´LQWKHSUHVHQFHRIELRIRXOLQJ
5DOVWRQLDSLFNHWWLLKDVQRWEHHQH[DPLQHGIRULWVSRWHQWLDODELOLW\WRFDXVHHQQREOHPHQWEXWLWLV
XQOLNHO\WKDWWKHVLQJOHVSHFLHVDORQHDWLWVPHDVXUHGFRQFHQWUDWLRQV&)8POFRXOGSURGXFHD
VXIILFLHQWELRILOPWRFDXVHHQQREOHPHQW7KHUHIRUHDVORQJDVWKHVWHULOL]DWLRQSURWRFROVDUH
IROORZHGRUWKHSUHVHQFHRIDQ0&9LVPDLQWDLQHG0,&LVQRWH[SHFWHGWREHDQLVVXHLQORQJ
WHUPZHW258VWRUDJH7KLVVWDWHPHQWFDQEHH[SODLQHGE\H[DPLQDWLRQRI)LJXUHZKHUH
UHPRYLQJDQ\RQHRIWKHRYHUODSSLQJFLUFOHVHOHFWURO\WHVXVFHSWLEOHPDWHULDOPLFURRUJDQLVPV
UHPRYHVWKHSRVVLELOLW\RI0,&+RZHYHULIDGGLWLRQDOVSHFLHVDQGQXPEHUVRIPLFUREHVDUH
XQLQWHQWLRQDOO\DGGHGWRWKHZRUNLQJIOXLGVELRIRXOLQJEHFRPHVPRUHOLNHO\DVGRHV0,&
7KHUHIRUHVWHULOHSURWRFROVIRULQWURGXFWLRQRIZRUNLQJIOXLGVDQGWKHLUSHULRGLFVDPSOLQJVKRXOG
EHVWULFWO\PDLQWDLQHG
 5LVN$VVHVVPHQW
7KH1(6&WHDPDVVHVVHGWKHULVNWR,66GXHWRELRORJLFDOJURZWKELRIRXOLQJDQGFRUURVLRQ
VHSDUDWHO\7KH,66îULVNPDWUL[ZDVFKRVHQWRH[SUHVVWKHDVVHVVHGULVNTXDOLWDWLYHO\VHH
$SSHQGL[-IRUDGHVFULSWLRQRIWKH,66ULVNPDWUL[7KHPDWUL[VKRZVWKHOLNHOLKRRGRIDQHYHQW
RFFXUULQJYHUVXVWKHFRQVHTXHQFHVRIWKDWHYHQWDQGWKH1(6&WHDPHVWLPDWHGHDFKSHUWKH
PDWUL[IRUPDW+RZHYHUWKHWHFKQLFDODQDO\VHVDQGFRQFOXVLRQVGUDZQIRUWKLVDVVHVVPHQW
IRFXVHGSULPDULO\RQWKHOLNHOLKRRGRIRFFXUUHQFHDQGWKHWHDPDFNQRZOHGJHVWKDWWKH,66
3URJUDPKDVEHWWHULQVLJKWLQWRWKHFRQVHTXHQFHVWKDQWKH1(6&WHDP7KLVULVNDVVHVVPHQWZDV
EDVHGRQIDFWRUVGHVFULEHGLQWKHSUHYLRXVVHFWLRQVEXWWKHVDPSOHUHVXOWVIURPWKHWZRQRQ
GLVLQIHFWHG258VZHUHWKHSULPDU\EDVLVRIWKHILQGLQJV&RQFOXVLRQVZHUHH[WUDSRODWHGWRDOORI
WKH258VEDVHGRQVDPSOLQJIURPWZR258V)RUWKLVUHDVRQDOORIWKHULVNDVVHVVPHQWV
SRUWUD\PLQLPXPULVNVGXHWROLQJHULQJXQFHUWDLQW\2QHRIWKHUHFRPPHQGDWLRQVPDGHLVIRU
WKH,663URJUDPWRFRQWLQXHWRVDPSOHVSDUHVZKHQSRVVLEOH
) $OLPLWDWLRQWRWKLVDVVHVVPHQWLVWKDWWKHWHDPZDVUHVWULFWHGWRDVPDOOVDPSOH
VHWIRXUVDPSOHVWDNHQIURPWZR258VDQGZDVOLPLWHGDFFHVVWR258GHVLJQ
FRQILJXUDWLRQLQIRUPDWLRQ7KLVUHVXOWHGLQKLJKHUXQFHUWDLQW\DVVRFLDWHGZLWK
WKHULVNDVVHVVPHQWV
1$6$(QJLQHHULQJDQG6DIHW\&HQWHU
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 %LRORJLFDO*URZWK%LRIRXOLQJ
7KHELRORJLFDOJURZWKKD]DUGWDUJHWVFUHZKHDOWKDQGWKH(&/6UHJHQHUDWLRQV\VWHPFRPSRQHQWV
IRUELRIRXOLQJDQG0,&%DVHGRQWKHJURXQGVSDUH258VDPSOHUHVXOWVWKDWVKRZYHU\ORZ
PLFURELDOFRQFHQWUDWLRQVDQ\PLFURELRORJLFDOSUHVHQFHLQDJLYHQ258LVKLJKO\XQOLNHO\LIWKH
VDPHSURFHGXUHVXVHGWROLPLWFRQWDPLQDWLRQGXULQJVHUYLFLQJDQGVDPSOLQJHDFK258DUH
IROORZHG+RZHYHUFRQGLWLRQVLQ258VPD\EHFRQGXFLYHWRPLFURELDOJURZWKLIGXHWRKXPDQ
HUURUHJIDLOXUHWRSURSHUO\IROORZHVWDEOLVKHG4'FOHDQLQJSURFHGXUHVRUVRPHRWKHU
PHFKDQLVPPLFURRUJDQLVPVDUHLQWURGXFHGLQWRWKHV\VWHP
7KHVHUYLFLQJDQGVDPSOLQJSURFHGXUHVHLWKHUUHYLHZHGE\WKHWHDPRUGHVFULEHGWRWKHWHDPLQ
FDVHVZKHUHWKHDFWXDOSURFHGXUHVZHUHLQDFFHVVLEOHGXHWRSURSULHWDU\UHVWULFWLRQVZHUHIRXQG
WREHUREXVWDQGSURWHFWWKHLQWHJULW\RIWKH258VLQSUHYHQWLQJFRQWDPLQDWLRQ7KHVDPSOH
UHVXOWVVKRZLQJPLFURELDO&)8VZHUHYHU\ORZLQWKHWZR258VVDPSOHGJLYHVFRQILGHQFHWKDW
WKHSURFHGXUDOFRQWUROVLQSODFHDUHHIIHFWLYH+RZHYHUWKHVDPSOHUHVXOWVDOVRUHYHDOHG
SURSDQRODQGRWKHU72&VWKDWFRXOGVHUYHDVQXWULHQWVIRUPLFURRUJDQLVPV$SUREDEOHVRXUFH
RISURSDQROZDVLGHQWLILHGDVUHVLGXDOSURSDQROZLSHGRQ4'VIRUVWHULOL]DWLRQSULRUWR
VHUYLFLQJRUVDPSOLQJWKDWZDVQRWDOORZHGWRGU\FRPSOHWHO\EHIRUHH[SRVXUHWRWKHZDWHULQWKH
2582WKHU72&VPD\EHIURPWKHEUHDNGRZQRILRGLQDWHGUHVLQVXVHGLQ0&9VWKDWDUHLQ
VRPHRIWKH258VHJWKHZDWHU2587KHREVHUYDWLRQRIRUJDQLFFRPSRXQGVSUHVHQWVDQ
DGGLWLRQDOFRQFHUQWKDWLIDQ258ZLWKDQLRGLQDWHGUHVLQLVLQVWDOOHGDQGQRWIOXVKHGSULRUWR
H[SRVXUHWRWKHV\VWHP72&VDQGRWKHUFRQWDPLQDQWVUHVXOWLQJIURP0&9UHVLQEUHDNGRZQ
ZLOOEHWUDQVIHUUHGLQWRWKHV\VWHP7KH2*$DOVRKDVPDWHULDOVWKDWFRXOGVHUYHDVQXWULHQWVWR
PLFURRUJDQLVPVLQFOXGLQJSRO\PHULFPDWHULDOVDQGWKH1DILRQPHPEUDQHLQWKHK\GURJHQ258
FHOOVWDFN
7KHULVNIRUKXPDQH[SRVXUHWRKDUPIXOEDFWHULDLVGLUHFWO\UHODWHGWRWKHRYHUDOOULVNRI
ELRORJLFDOFRQWDPLQDWLRQSOXVWKHSUREDELOLW\RIWKHSUHVHQFHRIKDUPIXOVSHFLHV,QWKHVDPSOHV
UHYLHZHGQRQHRIWKHPLFURRUJDQLVPVGHWHFWHGSUHVHQWDKHDOWKKD]DUGWRKXPDQV$OVRWKHUH
DUH0&9VLQERWKWKH2*$DQGWKH:3$DQGDGGLWLRQDOPHDVXUHVWRNLOODQ\EDFWHULDEHIRUH
ZDWHULVUHWULHYHGIRUFUHZFRQVXPSWLRQ7KHSODFHPHQWRQWKHULVNPDWUL[IRUFUHZH[SRVXUHWR
KDUPIXOPLFURRUJDQLVPVLVOLNHOLKRRGFRQVHTXHQFHDVVXPLQJFXUUHQWSURFHGXUHVDUH
IROORZHGDQGDRQWKHDVVXPSWLRQWKDWWKHUHKDVEHHQDFRQWDPLQDWLRQVHH)LJXUH
7KHFRQVHTXHQFHLVDVVXPHGWREHFUHZLOOQHVVGXHWREDFWHULDOH[SRVXUH
) &UHZPHPEHUH[SRVXUHWRKDUPIXOPLFURRUJDQLVPVLVKLJKO\XQOLNHO\RQWKH
,66ULVNVFRUHFDUGLIWKHFRQWDPLQDWLRQFRQWUROLQWKHVHUYLFLQJDQGVDPSOLQJ
SURFHGXUHVXVHGLQSUHSDUDWLRQRIWKHWZR258VVDPSOHGFRQWLQXHWREH
IROORZHG,IPLFURRUJDQLVPVDUHLQWURGXFHGLQWRWKH2*$RU:3$WKHQFUHZ
PHPEHUH[SRVXUHWRKDUPIXOPLFURRUJDQLVPVLVXQOLNHO\RQWKH,66ULVN
VFRUHFDUG
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Figure 6.4-1.  Minimum Risk Matrix for Crew Member Exposure to Harmful Microorganisms 
$ 1RPLQDOSURFHVVLQJDQGSURFHGXUHVDUHIROORZHG% 0LFURELDOLQWURGXFWLRQLQWRV\VWHPRFFXUV
%LRIRXOLQJKDVDKLVWRU\RQ,66DQGRWKHUVSDFHFUDIWVRRFFXUUHQFHZRXOGQRWEHXQLTXH
+RZHYHUWKHFRQGLWLRQVGHVFULEHGLQ6HFWLRQGHWDLOLQJSUHYLRXVELRIRXOLQJLQVWDQFHVGRQRW
DSSO\WRWKHFXUUHQW,66(&/6UHJHQHUDWLRQVXEV\VWHPFRQILJXUDWLRQDQGXVH$QH[FHSWLRQPD\
EHWKHELRIRXOLQJZLWQHVVHGRQWKH861DY\¶VVSDUH2*3ZKLFKZDVIRXQGWRKDYHDVXEVWDQWLDO
ELRILOPDIWHUXQNQRZQVWRUDJHFRQGLWLRQVDQGLQIOXHQWZDWHU7KLVLQFLGHQWSURPSWHG+6:/WR
LQLWLDWHSHULRGLFIOXVKLQJIRUWKHVSDUH,66K\GURJHQ258FHOOVWDFNVZKLOHVWRUHGRQWKHJURXQG
1DY\RSHUDWLRQDOH[SHULHQFHUHYHDOHGQRELRIRXOLQJLQFLGHQWVWKDWUHVXOWHGLQSHUIRUPDQFH
GHJUDGDWLRQRQDFWLYHV\VWHPV7KHVDPSOHVWDNHQIURPDUHFHQWO\DFWLYHV\VWHPDQGDQLQDFWLYH
VSDUHVKRZHGLQDFWLYLW\FDQUHVXOWLQVXEVWDQWLDOO\KLJKHUPLFURELDOFRXQWV7KHREVHUYDWLRQRI
VRPHELRORJLFDODFWLYLW\LQWKHUHFHQWO\DFWLYH2*3KLJKOLJKWVOLPLWDWLRQVRIWKHGLVLQIHFWLRQ
DELOLW\RIHOHFWURO\VLV
$VLQWKHFDVHRIFUHZH[SRVXUHWRKDUPIXOPLFURRUJDQLVPVWKHULVNIRUELRIRXOLQJZDVDVVHVVHG
ERWKIRUZKHQWKHQRUPDOSURFHGXUHVDUHIROORZHGDQGLQWKHHYHQWRIFRQWDPLQDWLRQ7KHZRUVW
FDVHFRQVHTXHQFHZDVDVVXPHGWREHELRIRXOLQJLQWKHK\GURJHQ258FHOOVWDFNWRWKHSRLQWRI
ORVLQJWKHXVHRIWKH2*$,WZDVWKHQDVVXPHGWKDWLIWKLVRFFXUUHGDIXOOFUHZFRPSOHPHQWRI
VL[FRXOGQRWEHDFFRPPRGDWHGUHVXOWLQJLQD³VLJQLILFDQWLPSDFWWR´RU³ORVVRIVRPHPLVVLRQ
REMHFWLYHV´UHI$SSHQGL[-7KLVHTXDWHVWRDRURQWKHULVNPDWUL[,ISURFHGXUHVDUH
H[HFXWHGQRPLQDOO\WKHQDELRIRXOLQJHYHQWRQWKHK\GURJHQ258LVKLJKO\XQOLNHO\LHRQ
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Figure 6.4-2.  Minimum Risk Matrix for Biofouling 
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Figure 6.4-3.  Minimum Risk Matrix for Corrosion 
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Figure 6.4-4.  Minimum Risk Matrix for MIC  
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Figure 6.4-5.  Minimum Risk Matrix for Long-term Wet ORU Storage (overall) 
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